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PARASITE-INDUCED ALTERATION OF DIURNAL RHYTHMS IN A FRESHWATER SNAIL 
Edward P. Levri, Shane J. Lunnen, Carolyn T. Itle, Leocadia Mosquea, Brian V. Kinkade, Travis G. Martin, and 
Monique A. DeLisser 
Division of Math and Sciences, 3000 Ivyside Park, Penn State-Altoona, Altoona, Pennsylvania 16601. e-mail: epI1@psu.edu 
ABSTRACT: The trematode Microphallus sp. alters the behavior of its snail intermediate host, Potamopyrgus antipodarum, in 
ways that seem to increase transmission to its final host, e.g., waterfowl, and decrease the probability of being eaten by other 
predators, e.g., fish. The parasite seems to cause the snail to move from the top to the bottom of rocks at about 0900 hr. Waterfowl 
feed predominantly before 0900 hr, and fish feed predominantly after 0900 hr. In the present study, we tested the hypothesis that 
Microphallus sp.-infected snails exhibit a change in behavior at around 0900 hr by examining their response to light and vertical 
orientation before and after 0900 hr. Results demonstrated that uninfected snails generally move toward light, oriented downward, 
and move a greater distance in the light compared with the dark at all times of day. Microphallus sp.-infected snails behaved 
differently from uninfected snails in the early morning but similarly to uninfected snails in the late morning with regard to 
downward orientation and distance moved in response to light. Snails infected with parasites other than Microphallus sp. behaved 
similarly to uninfected snails during both time periods. These results suggest that Microphallus sp. manipulates the behavior of 
Potamopyrgus sp. by altering rates of movement in response to light and vertical orientation in a manner consistent with the 
hypothesized 0900-hr shift. 
Parasites often influence the behavior of their hosts (for re-
view, see Moore, 2002). These changes may be adaptive for 
the host (Boorstein and Ewald, 1987; Hart, 1988) or the parasite 
(for review, see Combes, 1991; Moore, 2002) or produce non-
adaptive effects in the host-parasite relationship (Levri, 1999; 
Gourbal et aI., 2001). Although some examples of behavioral 
change are most likely adaptive for the parasite (e.g., Moore, 
1983; Lafferty and Morris, 1996), others are less obvious but 
still beneficial to the host-parasite interaction (e.g., Gourbal et 
aI., 2001). Nonetheless, it is often difficult to infer adaptation 
when there is a parasite-induced change in behavior (Poulin, 
1995). 
The New Zealand mud snail (Potamopyrgus antipodarum) 
shows altered behavior when infected with the trematode Mi-
crophallus sp. (Levri and Lively, 1996; Levri, 1998a, 1999; 
Levri and Fisher, 2000). In Lake Alexandrina, New Zealand, 
snails forage on algae in rocky areas. The algae provide obvious 
energetic and nutritive benefits to the snails; however, foraging 
on the top of rocks where algae grow comes at the cost of 
increasing the probability of predation by fish and waterfowl. 
Thus, most snails feed predominantly at night when predation 
risk is lower (Levri and Lively, 1996; Levri, 1998b). Micro-
phallus sp. is unusual in that it possesses a 2-host life cycle 
where transmission from the intermediate host (Potamopyrgus 
sp.) occurs when metacercariae are ingested by waterfowl dur-
ing predation. Microphallus sp.-infected snails spend more time 
exposed to predators by foraging on the tops of rocks during 
early morning hours (0600-0900) than their uninfected coun-
terparts (Levri and Lively, 1996). This behavior seems to in-
crease the probability of being eaten b'y waterfowl final hosts, 
which have been shown to feed more extensively in the morn-
ing than other times of day (Levri and Lively, 1996). However, 
Microphallus sp.-infected snails seem to move to the bottom of 
the rocks in the morning hours at around 0900 hr (Levri and 
Lively, 1996). This movement also coincides with an increase 
in the feeding intensity of fishes, primarily Gobiomorphus co-
tidianus, in the late morning and early afternoon. Moreover, 
infected snails make up a smaller proportion of the diet of the 
fishes than expected by chance (Levri, 1999). Thus, the behav-
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ior induced by Microphallus sp. seems to increase the proba-
bility of being eaten by the final avian definitive host and to 
decrease the probability of being eaten by predators that cannot 
serve as the final host, Le., fishes (Levri, 1999). These behav-
ioral changes are not caused by other castrating trematodes, and 
they are not the result of differing nutritional demands of in-
fected and uninfected snails (Levri, 1998b). Microphallus sp.-
infected individuals stay on the top of the rocks in the early 
morning only when the parasite has reached a level of maturity 
at which the parasite can be transmitted to the final host (Levri 
and Lively, 1996). These observations suggest that Microphal-
lus sp. manipulates the behavior of Potamopyrgus sp. to in-
crease the likelihood of transmission. 
In the present study, we tested the hypothesis that the behav-
ioral change occurs at around 0900 hr by examining infected 
and uninfected snail before and after this time. We examined 
directional movement in response to light, distance traveled in 
response to light, and vertical orientation. 
MATERIALS AND METHODS 
System of study 
Potamopyrgus antipodarum is commonly found in New Zealand 
lakes and streams where it is a host to at least 10 castrating trematode 
parasites (Winterbourn, 1970; Lively, 1987). Among these species is 
Microphallus sp., which has a 2-host life cycle. Adult worms reproduce 
sexually in the intestines of waterfowl, and eggs are passed in the feces. 
Potamopyrgus antipodarum becomes infected when eggs are acciden-
tally ingested. On hatching, the emerging larval stage leaves the snail's 
intestine and proceeds though a series of developmental stages in the 
gonads, eventually producing cercariae that encyst in the snail as meta-
cercariae. The life cycle is completed when infected snails are eaten by 
waterfowl. In Lake Alexandrina, P. antipodarum also is infected by 
several other species of castrating trematodes. These other parasites in-
cluded Telogaster opistorchis, 2 Gymnocephalous species, and 2 un-
described species of monostomes (listed in Winterbourn, 1974). 
Snail collection and maintenance 
Snails were collected from shallow water habitats in Lake Alexan-
drina on 15 December 2002 and kept in 2-L plastic containers. The 
water was changed 4 times per day, and the containers were kept in the 
shade. In each experiment, a relatively large number of snails were used 
(>900). The densities of the snails used in the experiments (ranging 
from 400 to 800/m2) did not exceed the densities naturally found in the 
lake. Vertical orientation and distance moved in response to light ex-
periments were conducted outdoors adjacent to Lake Alexandrina a few 
days after the snails were collected. These 2 experiments were per-
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formed in ambient light, Thus, light changed in direction and intensity 
over the course of the experiments. We did not attempt to control light 
direction and intensity, because we wanted the trials to be as natural as 
possible. The experiments measuring directional movement in response 
to light were conducted in the laboratory 6 days after snail collection. 
The early experiments began at 0600 hr, which was soon after sunrise. 
Snails were preserved in 70% ethanol immediately after each exper-
iment. The length of each snail was measured. The snail was then dis-
sected, and the gender, brooding condition, and presence and type of 
parasite were noted. The snail data were then divided into 6 mutually 
exclusive classes: uninfected nonbrooding females, uninfected brooding 
females, uninfected males, Microphallus sp.-infected females, Micro-
phallus sp.-infected males, and snails infected with other parasites. 
Snails infected with multiple parasites were rare and were not included 
in the analysis. Parasites were identified in part by using the descriptions 
provided by Winterbourn (1974). 
Vertical orientation 
Vertical orientation experiments were conducted on 18 December 
2002 in full sunlight. Two, 70-L opaque tanks were filled with approx-
imately 65 L of lake water. Plexiglas trays measuring 32 X 32 cm with 
5-cm-high walls on each edge were placed on the floor of the tanks. 
Each tray had a horizontal line in the center. Approximately 100 snails 
were placed along the centerline. After the snails had emerged from 
their shells (approximately 15 sec) the trays were oriented vertically. 
Any snails that initially fell from the trays were removed for 30 sec 
after the chamber was vertically oriented. Each trial lasted 7 min, after 
which snails above or below the centerline were separated. Half of the 
trials were performed using ambient light; the other half were performed 
in the dark by wrapping the tanks in opaque black plastic sheeting. A 
light meter verified that the plastic sheeting did not allow a detectable 
level of light into the experimental chambers. Multiple trials of each 
type (in light and dark) were performed between 0600 and 0800 hr (10 
trials), and another set was performed between 1000 and 1200 hr (11 
trials). The water in the large tanks was periodically changed with water 
taken directly from the lake to avoid variation in temperature. In total, 
2,518 snails were used in this experiment. 
Hierarchical log-linear analyses were used to compare the ratios of 
snails within each class that moved up or down in the light and dark 
in both the early and late morning. A significant direction X light in-
teraction indicated significant directional movement in response to light. 
The procedure also was used to compare different classes of snails 
within the same time period. In this case, a significant class X direction 
X light interaction indicated a significant difference in the directional 
movement between the 2 groups. Log-linear analysis also was used to 
compare late and early morning behavior within classes of snails. Here, 
a significant time X light X direction interaction indicated significantly 
different directional movement at different times. 
Directional movement in response to light 
The experiments to determine whether snails directionally move in 
response to light were conducted in the laboratory at the Edward Per-
cival Field Station in Kaikoura, New Zealand, on 21 December 2002. 
Snails from the shallow water habitats of Lake Alexandrina were trans-
ported to Kaikoura and maintained in 60-L plastic containers out-of-
doors in a shady environment for 2 day~ ,before the experiment. The 
experiment was conducted in 32- X 32-cm Plexiglas containers with 
5-cm-high walls on each edge (Fig. lA). Etched onto the bottom of the 
containers were concentric circles with lines radiating from the center 
corresponding to 15,45, 75, 105, 135, 165, 195,225, 255, 285, 315, 
and 345°. This created 12 zones of orientation (sectors) around the cen-
ter of the chamber. Sector 1 ranged from 345 to 15°, sector 2 ranged 
from 45 to 75°, and so on. Approximately 75 snails were placed in the 
center of the chamber filled with aged tap water. The chamber was 
covered with a large opaque plastic container that had a 3-cm-diameter 
hole in the side of the chamber at I end. The hole was 8 cm off of the 
ground when the container was placed over the chamber (Fig. IB). A 
light with a 100-W incandescent light bulb was used to shine through 
the hole. The orientation of light was at 0° in the chamber. The direction 
of light was rotated at least 90° for each trial. The snails were allowed 
to disperse from the center of the chamber for 5 min. At this point, the 
plastic covering was removed, and the snails were separated using a 
A 1 o;'octl~ of Ugh! 
B 
Light 
I 
Behavioral chamber 
FIGURE 1. Behavioral chamber used in the directional movement in 
response to light experiment (A) and a side view of the experi!11ental 
setup (B). 
plastic divider that corresponded to the degree lines mentioned above. 
The snails were then separated according to which sector the snails were 
in (Fig. I A). Any snails found in the 6-cm-diameter circle in the center 
were not included in the data. Trials were conducted between 0600 and 
0800 hr and then again from 1000 and 1200. Eight trials were conducted 
during each time period. The water in the chamber was changed be-
tween each trial to avoid changes in temperature and effects of previous 
snails. In total, 914 snails were used in this experiment. 
The data from within a snail class from different time periods were 
compared with a multisample chi-square test by using the Oriana sta-
tistical program (Kovach Computing Services, 2003). To test for a sig-
nificant orientation, a Rayleigh's uniformity test was used to calculate 
the Rayleigh's Z-test statistic to test for a significant mean vector (Ko-
vach Computing Services, 2003). A significance value of less than 0.05 
indicates a nonuniform distribution of the data points. If a significant 
mean vector was found, a chi-square test was conducted to determine 
whether the snails oriented toward, or away from, light. This was done 
by dividing the behavioral chamber into 4 quadrats, 1 quadrat pointing 
directly at the light source (330, 0, and 30° sectors [Fig. 1 D, another 
quadrat directly away, and 2 quadrats at right angles. If significantly 
more snails were found in the quadrat that contained the significant 
mean vector, then it was concluded that the snails oriented significantly 
in that quadrat's direction. 
Distance traveled in response to light 
The experiments to examine the effect of light on the distance the 
snails travel were conducted on 17 December 2002 on flat ground next 
to Lake Alexandrina in full sunlight. A large, rectangular, 70-L opaque 
plastic tank was filled with approximately 65 L of lake water. In the 
tank was placed a 32- X 32-cm Plexiglas container with 5-cm sides. 
Two sets of experiments were run, I set from 0600 to 0800 hr and I 
set from 1000 to 1200 hr. Approximately 75 snails were placed in the 
center of a Plexiglas chamber. The snails then dispersed from the center 
over the next 7 min. Seven minutes was selected after preliminary trials 
revealed that it took the fastest snails approximately 7 min to travel to 
the edge of the chamber. A plastic ring that was 16 cm in diameter was 
placed over the center of the chamber. The ring separated snails that 
had moved >8 cm from the center from snails that moved <8 cm during 
the trial. Half of the trials were conducted in daylight; the other half 
were conducted by covering the container in opaque black plastic. Ten 
trials were conducted between 0600 and 0800 hr, and 11 trials were 
conducted from 1000 and 1200 hr. The water in the large tanks was 
periodically changed with water taken directly from the lake to avoid 
variation in temperature. In total, 5,087 snails were used in this exper-
iment. 
Hierarchical log-linear analyses were used to compare the ratios of 
snails within each class that moved more and less than 8 cm in the light 
and dark in both the early and late morning. A significant distance X 
light interaction indicated significant effect of light on distance traveled. 
The procedure also was used to compare different classes of snails 
within the same time period. In this case, a significant class X distance 
X light interaction indicated a significant difference in the response to 
light between the 2 groups. Log-linear analysis also was used to com-
pare late and early morning behavior within classes of snails. Here, a 
significant time X light X distance interaction indicated significantly 
different responses at different times. 
RESULTS 
Vertical orientation 
Of the 2,518 snails used in the experiment, 901 were found 
to be nonbrooding uninfected females, 228 were uninfected 
brooding females, 164 were uninfected males, 1,081 were in-
fected by Microphallus sp. (926 females and 155 males), and 
144 were infected by castrating trematode species other than 
Microphallus sp. All uninfected snail groups were found to be 
more likely to move downward when exposed to light. No dif-
ferences were found between uninfected snail classes with re-
gard to vertical orientation (P > 0.49 in all cases). Thus, un-
infected classes were grouped together in Figure 2 and in sub-
sequent analyses. No significant difference in orientation was 
found between Microphallus sp.-infected males and female.s (P 
> 0.79); thus, they were grouped together in subsequent anal-
yses. The downward orientation in all snail groups was weak 
or absent when snails were not exposed to light at either time 
of day (Fig. 2). Thus, movement up or down seemed to be light 
dependent. Uninfected snails demonstrated more movement 
downward in the light than they did in the dark during both the 
early morning (P < 0.001) and late rp~rning (P < 0.001). Un-
like un infected snails, Microphallus sp.-infected snails did not 
exhibit a strong directional response in the early morning (Fig. 
2). Moreover, there was no difference between Microphallus 
sp.-infected snails in light or dark conditions in the early morn-
ing (P = 0.88). However, in the late morning, Microphallus 
sp.-infected snails did move up more in the dark than in the 
light (P < 0.001). Microphallus sp.-infected snails behaved sig-
nificantly differently between the early and late morning trials 
(X2 = 14.68, P = 0.0001 [Fig. 2]). Uninfected snails also be-
haved significantly differently between early and late morning 
trials (X2 = 22.69, P < 0.0001 [Fig. 2]); however, as stated 
above, they moved up more in the dark than in the light during 
both times. Snails infected with parasites other than Micro-
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FIGURE 2. Percentage of snails moving downward in light and dark 
conditions for uninfected snails, Microphallus sp.-infected snails, and 
snails infected with parasites other than Microphallus sp. The results 
from trials conducted between 0600 and 0800 hr are shown in A, and 
the results from trials conducted between 1000 and 1200 hr are shown 
in B. Error bars are 95% confidence intervals. 
phallus sp. did not show a difference in behavior between early 
and late morning trials (X2 = 1.02, P = 0.31 [Fig. 2]). Micro-
phallus sp.-infected snails behaved significantly differently 
from uninfected snails and snails infected with other castrating 
parasites in the early morning (Table I; Fig. 2). Snails infected 
with castrating parasites other than Microphallus sp. behave 
similar to un infected snails during both the early morning and 
the late morning (Table I; Fig. 2). 
Directional movement in response to light 
Of the 914 snails used in this experiment, 497 were found 
to be non brooding uninfected females, 257 were uninfected 
brooding females, 122 were uninfected males, 21 were infected 
by Microphallus (19 females and 2 males), and 17 were in-
fected by castrating trematode species other than Microphallus. 
Because only 2 Microphallus sp.-infected males were found, 
they were grouped with Microphallus sp.-infected females. 
However, the results did not change when Microphallus sp.-
infected males were removed from the analyses. In the early 
morning, Microphallus sp.-infected snails showed a significant 
orientation toward light (Rayleigh Z = 5.275, P = 0.003). In 
the late morning, Microphallus sp.-infected snails did not sig-
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TABLE I. Pairwise comparisons of each snail group in their vertical orientations for early morning and late morning trials by using log-linear 
analysis. Significant values are in bold. 1 df in each case. 
Trial time 
0600-0800 hr 
Uninfected vs. Microphallus sp.-infected 
Uninfected vs. other parasite-infected 
Microphallus sp.-infected vs. other parasite-infected 
1000-1200 hr 
Uninfected vs. Microphallus sp.-infected 
Uninfected vs. other parasite-infected 
Microphallus sp.-infected vs. other parasite-infected 
nificantly orient toward light (Rayleigh Z = 1.67, P = 0.191). 
However, the sample size was low here, and the trend was in 
the direction of light. Because of small sample sizes and a high 
number of zero values in the sectors of snails infected with 
parasites other than Microphallus sp., statistical comparisons 
with other classes or times could not be made. However, there 
did not seem to be an obvious difference between times on 
examination of the data. No snail groups, that had large enough 
sample sizes to be compared, oriented differently depending 
upon time of day (P > 0.13 in all cases). Thus, snail classes 
were grouped across times. All classes of snails, including Mi-
crophallus sp.-infected snails (when grouped across times), 
demonstrated significant movement toward light except for 
brooding females and snails infected with castrating parasites 
other than Microphallus sp., both of which did not significantly 
orient in any direction (Table II). Nonbrooding females, brood-
ing females, and Microphallus sp.-infected snails all showed 
similar orientation vectors (Fig. 3), but in the case of uninfected 
brooding female snails, the orientation was not significant (P = 
0.49). 
Distance traveled in response to light 
Of the 5,087 snails used in the experiments, 1,879 were 
found to be nonbrooding, uninfected females; 319 were unin-
fected brooding females; 230 were uninfected males; ~,456 
were infected by Microphallus sp. (2,178 females and 278 
males); and 203 were infected by castrating trematode species 
other than Microphallus sp. No snails in any of the trials 
seemed to orient in any particular direction. All uninfected snail 
classes tended to move farther in the light than in the dark in 
both the early morning and late morning (P < 0.0005 in all 
cases). Microphallus sp.-infected maLe.s and females did not ex-
Chi-square P 
6.54 =0.011 
1.85 =0.17 
6.24 =0.013 
5.15 =0.023 
0.20 =0.66 
2.12 =0.14 
hibit a significant difference in their movement (P = 0.53); 
thus, they were grouped together in subsequent analyses. Mi-
crophallus sp.-infected snails did not significantly move farther 
in the light than in the dark in the early morning (P = 0.16), 
but they did move farther in the light in the late morning (P < 
0.0005; Fig. 4). Snails infected with castrating parasites other 
than Microphallus were similar to uninfected snails in that they 
moved farther in the light at both times (P = 0.002 in early 
morning and P < 0.001 in the late morning; Fig. 4). Micro-
phallus sp.-infected snails were found to be significantly dif-
ferent from all other snail classes in the early morning but only 
different from nonbrooding females in the late morning (Table 
III; Fig. 4). Both Microphallus sp.-infected snails and non-
brooding females were found to behave differently between the 
early and late mornings (Table IV). Other classes showed no 
differences between early and late morning. 
DISCUSSION 
Vertical orientation 
Typically, vertical orientation experiments measure geotactic 
behavior. However, in the way that these experiments were con-
ducted geotaxis cannot be concluded due to confounding light 
variables. The goal of this experiment was not to test for geo-
taxis per se, but to look for any aspect of the snail's behavior 
that may be altered in a time-dependent manner. The results 
from the vertical orientation experiments showed that uninfect-
ed snails and snails infected with castrating parasites other than 
Microphallus sp. were much more likely to move downward in 
light than in the dark at all times of day. Microphallus sp.-
infected snails, however, only exhibited a strong downward di-
rectional response in the late morning (Fig. 2). This response 
TABLE II. Results of directional movement in response to light experiments for each group of snail. A significant P value «0.05) for the Rayleigh 
test indicates a nonuniform distribution of data points and a significant vector of orientation. If the Rayleigh test was significant, a chi-square test 
was performed to determine whether the snails significantly oriented toward the direction of light. Data were grouped across times for each group, 
because no significant differences between times of day were found. Significant values are in bold. 
Class Rayleigh test (2) P Mean vector e) Chi-square P 
Nonbrooding females 24.63 <0.001 14.0 60.73 <0.001 
Brooding females 0.72 =0.489 32.0 
Males 6.29 =0.002 331.6 19.46 <0.0001 
Microphallus sp.-infected 4.24 =0.013 31.4 11.95 =0.008 
Other-infected 2.35 =0.09 42.6 
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FIGURE 4. Proportion of snails moving a net distance of greater than 
8 cm in 7 min for uninfected nonbrooding female snails, Microphallus 
sp.-infected snails, and snails infected with parasites other than Micro-
phallus sp. in the early morning (A) and late morning (B). Error bars 
are 95% confidence intervals. 
by Microphallus sp.-infected snails is consistent with the hy-
pothesis that the parasite induces a behavioral change at ap-
proximately 0900 hr. In the early morning, the light-dependent 
downward movement in Microphallus sp.-infected snails seems 
to be "turned off." The effect of this behavioral change should 
leave more of these snails exposed on top of rocks in the early 
morning when the final hosts, waterfowl, are feeding (Levri and 
Lively, 1996). 
The light-dependent downward movement in Microphallus 
sp.-infected snails returned for the 1000-1200 hr trials (Fig. 2). 
This is consistent with results from the field, which show that 
Microphallus sp.-infected snails retreat to the bottom of the 
rocks at about 0900 hr when fish begin to feed (Levri, 1998b). 
Because fish cannot serve as the final host, and they are the 
FIGURE 3. Orientation of snails with respect to the direction of light 
for uninfected non-brooding female snails (A), uninfected brooding fe-
males snails (B), and Microphallus sp.-infected snails (C). The arrow 
in each graph indicates the mean vector, and its length indicates the 
relative strength of the vector. 
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TABLE III. Pairwise comparisons of each snail group in their distance traveled in light and dark responses for early morning and late morning 
trials by using log-linear analysis. Significant values are in bold. 1 df in each case. 
Trial time Brooding females Males Microphallus-infected Other-infected 
0600--0800 hr 
Nonbrooding females 
Brooding females 
Males 
X2 = 0.26, P = 0.61 X2 = 0.27, P = 0.60 
X2 = 0.08, P = 0.78 
X2 = 46.7, P < 0.0001 
X2 = 6.84, P = 0.009 
X2 = 7.50, P = 0.006 
X2 = 0.Ql, P = 0.91 
X2 = 0.14, P = 0.71 
X2 = 0.11, P = 0.74 
X2 = 6.34, P = 0.012 Microphallus sp.-infected 
1000-1200 hr 
Nonbrooding females 
Brooding females 
X2 = 0.82, P = 0.36 X2 = 0.39, P = 0.53 
X2 = 0.16, P = 0.69 
X2 = 8.52, P = 0.004 
X2 = 0.47, P = 0.49 
X2 = 0.62, P = 0.43 
X2 = 0.10, P = 0.75 
X2 = 0.14, P = 0.71 
X2 = 0.05, P = 0.83 
X2 = 0.82, P = 0.36 
Males 
Microphallus sp.-infected 
most abundant and predominant predator in the lake (data not 
shown), it would seem that the return of the downward move-
ment may increase the fitness of the parasite by decreasing the 
probability of predation by animals that cannot serve as final 
hosts (fishes). Snails infected by parasites other than Micro-
phallus behaved similar to uninfected snails (Fig. 2). This is 
consistent with the idea that the parasite-induced behavioral 
change is Microphallus sp.-specific. 
In the current experiment, uninfected snails exhibited a stron-
ger directional response in the late morning than in the early 
morning (Fig. 2). This trend is consistent with the idea that the 
behavior is influenced by the intensity of sunlight, which in-
creases through the morning. 
It is not clear whether the vertical orientation of the snails is 
completely absent in the dark. The late morning trials showed 
that roughly 50% of the snails moved up, whereas that per-
centage was lower in the early morning (Fig. 2). We have no 
explanation for this pattern. 
Directional movement in response to light 
We found that all snail classes with reasonable sample sizes, 
except for brooding females, moved significantly toward light 
(Table II; Fig. 3). Microphallus sp.-infected snails signifieantly 
oriented toward light in the early morning, but showed no sig-
nificant orientation toward light in the late morning. This is 
consistent with the hypothesized shift in behavior at around 
0900 hr, but the sample sizes of infected snails in the experi-
ment were low; thus, the lack of significant orientation in the 
late morning by Microphallus sp.-infected snails may be an 
artifact of low sample size. Also, the' late morning trials, even 
though not significant, resulted in a mean vector directed to-
TABLE IV. Comparisons of the distance traveled in light and dark of 
each snail class in the early morning to the late morning by using log-
linear analysis. Significant values are in bold. 1 df in each case. 
Class of snail Chi square P 
Nonbrooding females 12.51 =0.0004 
Brooding females 1.16 =0.28 
Males 1.37 =0.24 
Microphallus sp.-infected 51.51 <0.0001 
Other infected 0.53 =0.47 
ward light. Therefore, we are reluctant to conclude that Micro-
phallus sp. induces a change in this behavior at around 0900 
hr. There were no differences in orientation of any other snail 
group between early and late morning trials. In the vertical ori-
entation and distance traveled in response to light experiments, 
the effect of the parasite was to eliminate the response in the 
early morning. This did not occur with directional movement 
in response to light. Thus, the parasite does not seem to affect 
the directional movement response of the snail. It is also pos-
sible that change in behavior around 0900 hr was not detected 
in Microphallus sp.-infected snails because these experiments 
were conducted under laboratory conditions, and a crucial en-
vironmental signal was absent. 
Distance traveled in response to light 
Influencing the distance traveled in response to light in the 
snail by Microphallus sp. could lead to increased exposure to 
predators by infected snails. Snails that move a greater distance 
in the light than in the dark would spend more time in dark, 
less exposed areas, keeping them at less risk of predation by 
visual predators. The results for these experiments were similar 
to the vertical orientation experiments. Snails generally moved 
a greater distance in the light than in the dark. Microphallus 
sp. seemed to "tum off" the response of the snails in the early 
morning when waterfowl feed and the chance of successful 
transmission is greater. By "turning off" this response, the 
snails may spend more time in exposed areas than they would 
otherwise. The greater distance moved in light returns in the 
late morning when predatory fishes become active (Fig. 4). 
Snails infected by parasites other than Microphallus sp. be-
haved similarly to uninfected snails (Fig. 4). This is consistent 
with the idea that the 0900-hr change in behavior is Micro-
phallus sp.-specific. 
The data also showed that Microphallus sp.-infected snails 
behaved significantly different from nonbrooding females in the 
late morning (Table III). This difference was detectable due to 
the very large sample sizes of both uninfected nonbrooding 
females and Microphallus sp.-infected snails. However, both 
groups were significantly more likely to move a greater distance 
in the light in the late morning (Fig. 4). 
Nonbrooding females were significantly more likely to move 
a greater distance in the light in the late morning compared 
with the early morning. This is likely to due to the greater light 
intensity in the late morning and that the larger sample size of 
nonbrooding females compared with other uninfected classes. 
The experiments presented here are similar to those described 
by Levri and Fisher (2000). The results of Levri and Fisher 
(2000) differed from the present results in that, in the previous 
experiments (1) Microphallus-infected snails exhibited no 
change in vertical orientation behavior at around 0900 hr, and 
there was no effect of light on the response; (2) there was no 
evidence for phototaxis in infected or uninfected snails; and (3) 
no difference in response with time of day was found in in-
fected snails in distance moved in response to light. These dif-
ferences are most likely due to the experiments performed by 
Levri and Fisher (2000) being conducted in the laboratory un-
der artificial light in the United States, whereas the present re-
sults were obtained from field trials in New Zealand, with a 
larger sample size and under natural light where possible. 
The stimulus causing the parasite-induced change in behavior 
is not known. The parasite-induced changes in behavior occur-
ring at around 0900 hr could be stimulated by (1) a change in 
light intensity over the course of the morning; (2) a change in 
the angle of light; or (3) a time-specific circadian response by 
the parasite. Light intensity seems to be an unlikely stimulant 
for the parasite because the 0900-hr shift in behavior observed 
in Levri and Lively (1996) was observed at 0900 hr on several 
different sampling days. Each of these days had different am-
bient light intensities, including cloudy days, where light inten-
sities were an order of magnitude lower than on sunny days 
(data not shown). Future experiments will attempt to distinguish 
among the aforementioned hypotheses. 
In summary, Microphallus sp. seems to eliminate the light-
dependent distance traveled response and up or down direc-
tional response of the snail in the early morning and restores 
the behaviors in the late morning. This pattern is consistent with 
the foraging patterns of final host (waterfowl) and nonfinal host 
predators (fishes) in Lake Alexandrina; thus, it strengthens the 
conclusion of adaptive parasite-induced behavioral change in 
this system. This study also demonstrates the importance of 
field experiments as opposed to laboratory experiments in de-
termining the nature of complex ecologicaI interactions. 
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EARLY STAGES OF DEVELOPMENT OF THE TAENIA SOLIUM METACESTODE IN PIGS 
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ABSTRACT: In order to identify the early stages of Taenia solium metacestodes, 12 pigs were each fed 100,000 viable eggs and 
later killed and necropsied at different times after infection, Hematoxylin-eosin (HE) and immunohistochemical techniques (lHCs) 
were used to identify onchospheres and cysticerci in different tissues, At 2 days postinfection (dpi) structures compatible with 
onchospheres were found in the lumen of the small intestine, and in the mesenteric blood vessels and lymph nodes. At 4 dpi, 
these same structures were observed in the small intestine, the liver, and skeletal muscles. Between 6 and 39 dpi, they were 
found only in skeletal muscles, Between 2 and 6 dpi the postonchospheres were circular and oval shaped and measured between 
6 and 34 X 27 f1m, From 14 to 39 dpi, well-developed metacestodes 550 X 750 f1m were observed, IHCs support the identification 
of early stages of T, solium, 
Human and porcine cysticercosis are common diseases in 
pork-consuming countries with poor standards of hygiene and 
inadequate meat inspection procedures. In rural areas, where 
pigs roam freely and have access to human feces contaminated 
with T. solium eggs, the prevalence of the disease is likely to 
be high (Aluja, 1982), Despite recent progress in our knowledge 
of this parasite (Sciutto et aI., 2000), the early development of 
the larval stages, i.e., from onchosphere to the infective stage 
of the larva and its dissemination within the body, has not re-
ceived much attention. Yoshino (l933a, 1933b) published a 
thorough description on the subject, but without details of the 
methods employed. More accurate and sensitive techniques are 
currently available to visualize parasite development in vivo, 
and we, therefore, considered it opportune to conduct the pre-
sent investigation. 
MATERIALS AND METHODS 
Taenia solium eggs were recovered from the gravid proglottid of a 
patient and maintained in saline solution (0,9% NaCI, pH 7.4) at 4 C. 
The viability of the eggs was confirmed by the trypan blue method 
(Wang et aI., 1997), Twelve 2-mo-old male and female piglets, Landrace 
and Yorkshire hybrids, purchased at a technical farm and free of porcine 
cysticercosis, were housed in the experimental unit of the School of 
Veterinary Medicine, at the National Autonomous University of Mex-
ico. Food and water were offered ad libitum, Each piglet was sedated 
and orally inoculated via a stomach tube with 100,000 viable eggs in 
gelatin capsules, Animals were checked 1 hr after inoculation for signs 
of vomiting. Two animals were humanely killed (Aluja, 2002) on days 
2, 4, 6, 14, and 23 postinfection (dpi), 1 on day 30 and 1 on day 39, 
Necropsies were carefully performed to identify developing cysts. Sam-
ples were collected from the mesenteric vessels, small intestine, lungs, 
heart, brain, liver, mesenteric lymph nodes, and the following muscles: 
intercostals, leg muscles, masseter, tongue, diaphragm, shoulder mus-
cles, pterygoid, and psoas (Table I), Tissues were fixed in 10% formalin, 
pH 7.4 and paraffin embedded; 6-f1m sections were cut for hematoxy-
lin-eosin (Harris) staining, Each slide waSo(!arefully examined and sam-
ples selected for histochemistry, Criteria for selection included the pres-
ence of inflammatory cells or structures suggestive of parasites, 
Twenty-five 6-f1m serial sections were made from each of the selected 
tissues, Sections 2, 5, 10, 15, 20, and 25 were then stained by the 
following immunohistochemical methods: The primary antibody used 
was hyperimmune serum of mice parasitized with Taenia crassiceps, 
which extensively cross-reacts with T. solium, as shown by Larralde et 
al. (1990), Espfndola et al. (2000), and Sciutto et al. (2000), The 2 
species share at least 3 proteinic antigenic fractions of 56, 66, and 74 
kDa (Valdez et aI., 1994) and have highly similar glycolipids (Bau-
meister et aI., 1992). The sections were deparaffinized at 60 Cover 12 
hr, and placed in xylene and decreasing concentrations of ethanol. En-
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dogenous peroxidase was blocked with 30% hydrogen peroxide and 
absolute methanol 0:8), with 2 changes of 40 min each, They were 
washed 3 times with PBS, 5 min each, and were then placed in a 
microwave oven (model Sanyo, EM,N104) at power level 4 for 4 min, 
to expose the antigens (Leong, 1996), PBS plus 0.1 % bovine serum 
albumin were then applied for 100 min, After this, a blocking solution 
of Histostain-SP (Zymed Laboratory, San Francisco, California) was 
added, The sections were then incubated with the primary antibody, at 
a dilution of I: I ,000 in PBS plus 0.1 % bovine serum albumin for 12 
hr at 4 C. A secondary biotinylated antibody was then applied for 30 
min and the enzyme conjugated (streptavidin-peroxidase) for 30 min, 
and developed for 30 sec with amino ethyl carbazol (AEC), The slides 
were counterstained with hydro soluble hematoxylin and sections ex-
amined by light microscopy, Positive and negative controls for IHQ 
were made from histological samples of vesicular metacestodes of T. 
solium, with or without primary antibody, respectively, Immunopositive 
parasitic structures were observed in an optic microscope and measured 
with an image analyzer (Motic Images Advanced 3,1 Version software), 
RESULTS 
Necropsies 
Petechial hemorrhages were observed on the diaphragmatic 
surface of the liver and in the serosa of the small intestine of 
all pigs on days 2, 4, and 6 postinoculation (dpi), Other findings 
were congestion of the mesenteric blood vessel, and moderate 
lymphangectasia of the mesenteric lymph vessels. Fourteen dpi, 
whitish, circular, slightly hardened structures measuring 0.05-
0.1 cm were seen on the hepatic surface and on the inferior 
surface of the tongue. In the 23-dpi pigs, numerous vesicular 
and colloidal structures with an average width of 0,2-0.3 cm 
and length of 0.3-0.4 cm were found in different skeletal mus-
cles, mainly those of the leg, masseter, and psoas. Most were 
vesicular and contained translucent liquid; others were harder, 
with whitish colloidal exudates. No gross changes were seen in 
the pig 30 dpi. In the 39-dpi pig, numerous vesicular cysts 
measuring 0,3-0.5 cm in width and 0.5-0,7 cm in length were 
seen in the muscles of the leg, psoas, intercostals, masseter, and 
pterigoid; a parasitic cyst was observed in the temporal lobe of 
the right cerebral hemisphere. All cysts contained a slightly 
turbid liquid, with a whitish structure inside, corresponding to 
the scolex. 
Histological studies 
No parasitic structures were found at 2-6 dpi by HE con-
ventional histology, Two days after inoculation, round immu-
nopositive structures 8 fLm in diameter were seen in the intes-
tinallumen, The immunopositivity was intense in the periphery, 
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TABLE 1. Tissue samples of pigs infected with T. solium eggs, collected on different days postinfection. 
Mesen-
Days Mesen- teric 
postinfection Small teric lymph Intercostal Leg Masse- Shoulder Ptery-
sample intestine vessels nodes Liver muscles muscles 
2 X X X X 
4 and 6 X X X X X X 
14, 23, 30, 
and 39 X X X X 
and less so in the interior. Two immunopositive round structures 
were seen in the adipose tissue surrounding the small intestine, 
each measuring 11 [Lm in diameter. The immunopositivity was 
intense on the surface and less so in its interior (Fig. 1), similar 
ter Tongue Diaphram muscles goids Psoas Lungs Heart Brain 
X 
X 
X X X X X X X X 
X X X X X X X X 
to that described above. An immunopositive structure was also 
found in the mesenteric blood vessels; it measured 20 X 11.8 
[Lm and had two strongly positive circular areas at one extreme 
and a hooklike refringent structure (Fig. 2). Also found in a 
FIGURE 1. Intestinal serosa. Immunopositivity of the periphery of 1 extreme of an ovoid parasitic structure, 2 dpi (AEC). Bar = 10 j-Lm. 
FIGURE 2. Lumen of a mesenteric blood vessel. Ovoid structure showing immunopositivity at its periphery as well as a hooklike formation 
(arrow), 2 dpi (AEC). Bar = 10 j-Lm. 
FIGURE 3. Mesenteric lymph node. Segmental immunopositivity in a round parasitic structure, 2 dpi (AEC). Bar = 10 j-Lm. 
FIGURE 4. Hepatic sinusoid. Round structure showing circular immunopositive granules, 4 dpi. (AEC). Bar = 10 j-Lm. 
FIGURE 5. Skeletal muscle. Circular structure with three immunopositive fragments, 6 dpi. (AEC). Bar = 10 j-Lm. 
FIGURE 6. Skeletal muscle, immunopositive parasite cuticle with surrounding granulomatous inflammation. Note the macrophages with phago-
cytized immunopositive material (arrows) 14 dpi (AEC). Bar = 10 j-Lm. 
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mesenteric lymph node, a circular structure with a diameter of 
9 fLm, and a strongly segmental immunopositive membrane 
(Fig. 3). At 4 dpi, oval structures 10-22 fLm in diameter were 
found in the intestinal lumen, hepatic sinusoids (Fig. 4), and 
between skeletal muscle fibers. The immunopositivity was 
granular in its interior. At 6 dpi, a body of 16 fLm in diameter 
was seen in a skeletal muscle, containing 3 rod-shaped immu-
nopositive formations that occupied 35% of the interior (Fig. 
5). Another structure, 9.5 fLm in diameter, strongly immuno-
positive in the periphery and less so in its interior, was observed 
in the muscle. At 14 dpi, small vesicular metacestodes measur-
ing 750 X 565 fLm could be detected grossly. These showed 
segmental immunopositivity in their tegumentary surface. A 
number of the macrophages around the parasite were also im-
munopositive (Fig. 6). Twenty-three dpi, numerous vesicular 
and colloidal structures were found grossly and microscopically 
in skeletal muscles, measuring between 458 and 224 fLm and 
1,671 and 1,414 fLm. They were surrounded by varying degrees 
of granulomatous inflammatory reaction. In the pig after 30 dpi, 
no gross or microscopic structures were found in any tissues. 
After 39 dpi, vesicular and degenerated metacestodes were 
found in the muscle of the pig, all detectable grossly. These 
were surrounded by marked inflammatory reaction, and mea-
sured 1,700 X 400 fLm. There was also 1 vesicular metacestode 
in the brain of this pig. 
DISCUSSION 
In contrast to Yoshino's (1933a) findings, no structures sug-
gestive of metacestodes were found in the tissues stained with 
HE at 2, 4, or 6 dpi. This may be explained by differences in 
the techniques used, but Yoshino does not describe his proce-
dure. Metacestodes are macroscopically detectable 14 days after 
experimental infections and measure on average 750-565 fLm 
(0.75-0.56 mm). After 39 days, they measure 1,700-400 fLm 
(1.7 X 0.4 mm). Yoshino (1933a) reports solid oval forms mea-
suring 0.32-0.44 mm X 0.25-0.37 mm at 6 days, 15 hr pi 
(postinfection), large cystic forms measuring 1.1-4.1 mm X 
0.8-3.2 mm at 12 days and 15 hr pi, and at 20-30 dpi cystic 
forms measuring 3.4-8.2 X 2.9-6.0 mm. The macroscopic find-
ing of petechial hemorrhages in different organs at 2, 4, and 6 
dpi suggests damage caused by migrant onchospheres traveling 
via, and perforating, blood or lymph vessels to enter host tis-
sues. The presence of onchospheres in the lumen of a blood 
vessel and also in mesenteric lymph nodes is highly suggestive 
of this mechanism. It is interesting to note that at 6 dpi no 
structures were seen in any tissues 'O'Iher than skeletal muscles. 
This is in agreement with our observations made during nec-
ropsies of naturally infected pigs (data not shown). Only in 
cases of extremely heavy infections can vesicular metacestodes 
be found in viscera. The fact that structures were found in the 
liver only during the first days of infection, may point toward 
an as-yet-unexplored factor that prevents the metacestode de-
veloping into the vesicular form in this organ. In the absence 
of this factor, we would have expected to find several vesicular 
forms as many of the onchospheres must migrate through the 
liver via the portal vein. 
In the present study, we could easily detect postonchosphere 
forms in several tissues at 2, 4, and 6 dpi with immunohisto-
chemical staining, which was not possible with HE. The sizes 
of the postonchospheres we found do not coincide with those 
referred to by Yoshino (1933a), who reported larger organisms. 
Yoshino (1933a) also described the morphology of the first de-
velopmental stages of T. solium at 2 and 4 dpi as round struc-
tures, containing granulose amorphous material and a laminar 
membrane, similar to those Harris et al. (1989) described for 
Echinococcus granulosus after 3 dpi, which agrees with our 
findings. 
In the present study, we found a 2-dpi postonchosphere of T. 
solium, containing a hooklike structure, in the lumen of a blood 
vessel, a finding also reported by Yoshino (1933a), who con-
siders them transitional forms of the parasite (Fig. 2). He also 
suggests that the rod-shaped structures within the larval form 
at 6 dpi, observed also in the present study, are formed by the 
multiplication of pleomorphic cells at 1 pole in the interior of 
the larva. We did not find metacestodes in the pig 30 dpi, prob-
ably because it was resistant to the infection. In the present 
study, we found that developmental forms of T. solium can be 
demonstrated in the intestine with immunohistochemical stain-
ing, as well as in mesenteric blood vessels and lymph nodes, 
liver, and skeletal muscles as early as 2 and 4 dpi. With im-
munohistochemical methods, our results in general confirm 
those reported by Yoshino (1933a, 1933b). However, we could 
not detect microscopic larval stages with HE stain, at 2, 4, and 
6 dpi. Not until 14 dpi were metacestodes detected macroscop-
ically. 
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THE CROWDING EFFECT AND MORPHOMETRIC VARIABILITY IN 
ECHINOSTOMA CAPRONI (DIGENEA: ECHINOSTOMATIDAE) FROM ICR MICE 
Lindsey L. Stillson* and Thomas R. Platt 
Department of Biology, Saint Mary's College, Notre Dame, Indiana 46556. e-mail: tplatt@saintmarys.edu 
ABSTRACT: Population density, or crowding, was examined to determine its effect on the morphometric variability of Echinos-
toma caproni (Digenea) in ICR mice. Six mice were infected with 25 and 100 metacercariae, and a single mouse was infected 
with 300 metacercariae. All mice were infected at necropsy 22 days postinfection with recoveries of 77%, 69%, and 7.3%, 
respectively. Whole mounts were prepared, and 31 characters were evaluated (25 direct measurements and 6 ratios). Univariate 
and multivariate statistical analysis revealed significant differences between adult worms from all 3 groups. Twenty-seven of 31 
characters showed significant within-group differences, with the primary differences between worms from 25/100 versus 300 
metacercariae infections. Discriminant function analysis yielded a 100% correct classification based on infection size, which is 
consistent with studies on distinct species of Echinostoma. The low recovery from the mouse infected with 300 metacercariae 
suggests inflammatory expulsion of juvenile worms and the possibility of immunity as a factor in the crowding effect. These 
results suggest that external factors may affect morphometric variability of digenetic trematodes to a larger degree than previously 
recognized. 
The "crowding effect" is a well-known phenomenon in par-
asitology (Bush et aI., 2001). Read (1951) described the crowd-
ing effect as the inverse relationship between worm size with 
popUlation density and hypothesized the existence of a limiting 
factor as the cause of these changes in the rat tapeworm Hy-
menolepis diminuta. The crowding effect has been studied most 
extensively in cestodes resulting in decreased size, weight, and 
number of eggs produced of individual tapeworms (Roberts, 
2000, and references therein). Three factors may, individually 
or in combination, cause this reduction in size, competition 
among worms for available host dietary carbohydrate, inhibi-
tory compounds secreted by worms in vivo, and inflammatory 
reactions in the host gut (Roberts, 2000). Regardless of the 
cause, the crowding effect occurs and affects the morphometry 
of individual worms. 
Stunkard (1957) outlined a number of factors that may affect 
intraspecific variation and, hence, correct identification of par-
asitic flatworms, e.g., final host species, physiological condi-
tions in the host, and the presence of a previous or concurrent 
infection in the host. The crowding effect is another factor that 
influences the morphometrics of platyhelminth parasites and af-
fects intraspecific variation. Identifying the limits of variation 
is critical to the recognition of new and existing species "(Kos-
tadinova and Gibson, 2000); however, the extent of variation 
within members of a species is known in few, if any, cases 
(Stunkard, 1957). Despite the fact that morphology remains the 
most common basis for species recognition (Spakulova, 2002; 
Nolan and Cribb, 2005), previous studies on crowding have not 
been directed at addressing taxonomic questions. According to 
Stunkard (1957), "the precise limits' of specificity will remain 
uncertain until the factors which influence the developmental 
and morphological features of these parasites are known and 
evaluated. " 
Echinostoma caproni Richard, 1964, belongs to the 37-collar 
spine, or revolutum group, of Echinostoma (Digenea: Echino-
stomatidae). Differentiation of species in this cluster of taxa 
based on adult characters has proved problematic (Kostadinova 
and Gibson, 2000; Fried and Toledo, 2004). Kostadinova et aI. 
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(2000) employed a range of univariate and multivariate statis-
tics to successfully separate 2 species in this group, Echino-
stoma miyagawai Ishii, 1932, and Echinostoma revolutum (Fr6-
lich, 1802) and recommended using the same approach in future 
taxonomic studies of related species. The purpose of the present 
study is to assess the effect of population density on the vari-
ation of morphometric characters of E. caproni and evaluate 
the potential taxonomic consequences. 
MATERIALS AND METHODS 
Metacercariae of E. caproni were obtained from Bernard Fried, La-
fayette College, and maintained at 4 C in Earle's balanced salt solution 
for 1 wk until used. Female ICR mice (25-34 g) were obtained from 
Harlan Sprague Dawley. Two groups of 6 mice were infected with 25 
(low) or 100 (medium) metacercariae each, respectively, and an addi-
tional mouse was infected with 300 metacercariae (high). All mice were 
lightly anesthetized with ether and infected via a stomach tube. Mice 
were maintained on a 12:12 light/dark cycle and provided a diet of 
standard laboratory feed and water ad libitum. 
At 22 days postinfection the mice were anesthetized with ether, killed 
by cervical dislocation, and necropsied. The intestinal tract was re-
moved and divided into 5 equal sections. Each section of the small 
intestine was slit longitudinally and examined for the presence of adult 
worms using a dissecting microscope. Worms were counted, and the 
number present in each section was recorded. All worms were killed 
and fixed, without pressure, in steaming 5% formalin and stored in the 
same medium. Ten specimens were randomly selected from sections 3 
and 4 from 2 mice with low and medium infections. An additional 10 
specimens were selected from sections 3-5 of the high-infection mouse. 
Worms were stained with Semichon's acetocarmine, dehydrated in an 
alcohol series, cleared in methyl salicylate, and prepared as whole 
mounts in Canada balsam. 
Five worms were selected from section 4 of 1 mouse from each 
inoculum group for examination of collar spines and eggs. The anterior 
ends were removed, cleared in a solution of 80% phenol and 20% ab-
solute ethanol, and observed as temporary mounts. Length and width 
of 5 angle, lateral, and dorsal spines were recorded for each specimen. 
The uterus of these worms was dissected in 5% formalin; the eggs were 
then placed on slides in the same medium and observed as temporary 
mounts. The length and width of the first 10 eggs from each worm that 
did not appear damaged, distorted, or angled were measured. All mea-
surements were made with the aid of an ocular micrometer and are 
presented in micrometers, with the mean followed by the range in pa-
rentheses. 
ANOVA was performed on the characters to determine differences 
between means of the 3 groups. The nonparametric Kruskal-Wallis test 
was used to determine differences in the length and width of the angle, 
lateral and dorsal spines, and egg length and width. Results were con-
sidered significant if P < 0.05. The coefficient of variation (CV) was 
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TABLE 1. Adult Echinostoma caproni recovered from the intestines of ICR mice, mean (range) for 25 and 100 metacercariae groups. 
Segment number 
Inoculum size 2 3 
Low (25) 0 0.17 (0-1) 5.8 (0-18) 
Medium (100) 0 0 13.0 (0-46) 
High (300) 0 0 10 
* Large intestine 
calculated and is expressed as a percentage. The characters were then 
subjected to discriminant function analysis (DFA) as an evaluation of 
morphometric variation of worms within the species based on infection 
size. Length and width of the oral and ventral sucker were excluded 
from this analysis to avoid overdetermination. Collar spine and egg 
measurements were also excluded as they were obtained from different 
worms. Character loadings were calculated to determine which char-
acters used in DFA had the greatest effect on correctly placing each 
worm in its appropriate group. Loadings above 0.70 were considered 
important. All analyses were conducted using Systat Version 10 (2002). 
RESULTS 
All mice were infected with adult E. caproni at necropsy 22 
days PI. Adult worms were recovered primarily from sections 
3 and 4 of the small intestine (Table I) with average recovery 
rates of 77%,69%, and 7.3% from mice infected with 25 (low), 
100 (medium), and 300 (high) metacercariae, respectively (Ta-
ble I). Worm density differed with infective dose from low (X. 
= 19) to medium (X. = 69) to high (22). 
The ANOV A test demonstrated significant differences be-
tween 27 of the 31 characters (Table II). The number of char-
acters showing significant differences was as follows: low ver-
sus medium-1O/31 (32.3%); low versus high-27/31 (87.1 %); 
and medium versus high-22/31 (71 % ). No significant differ-
ences were found between any sets of specimens for 
posttesticular field length, forebody length, ratio of forebody 
lengthltotallength, or ratio of uterine length/total length. In con-
trast, all pairs showed a significant difference for 4 of 7 repro-
ductive structures, maximum width, and the ratio of maxium 
width/total length. All muscular structures (pharynx, oral su<;:k-
er, and ventral sucker) in worms from the high group were 
significantly smaller than those in the low and medium groups. 
This same pattern was present in 22 of the 31 characters, in-
cluding the length and width of the collar spines and eggs. Total 
length showed a similar trend of decreasing size. While there 
was considerable overlap for virtually all characters (only for 
low vs. high: maximum width and ovary Mlidth showed no over-
lap), all significant differences showed an inverse relationship 
with the size of the infective inoculum except for the ratio of 
posttesticular field length/total length. Coefficients of variation 
were smallest in the medium group and highest in the worms 
from the high-density infection (Table III). 
Discriminant function analysis yielded 100% correct classi-
fication of specimens in direct classification matrices and 92% 
correct classification in jackknifed classification matrices 
(Wilks's lambda 0.0141; F = 11.3240; df = 19,38; P < 
0.00005), shown in the canonical scores plot (Fig. 1). Character 
loadings demonstrate that the most important characters for sep-
arating groups in the first discriminant function were maximum 
width, ovary length, and ovary width. In the second discrimi-
4 5 LI* Total % recovery 
13.0 (4-23) 0.33 (0-1) 0 116 77 
49.0 (22-74) 7.7 (0-34) 0 416 69 
5 6 22 7.3 
nant function, pharynx length and width were most important 
(Table IV). 
DISCUSSION 
Previous reports of the effects of population density on di-
genetic trematodes range from noting declines in overall worm 
size in natural (Tandon, 1973) and experimental infections (Wil-
ley, 1941; Fried and Nelson, 1978; Mohandas and Nadakal, 
1978; Nollen, 1983; Fried and Freeborne, 1984; Franco et aI., 
1988) to a general assessment of the effects on various mor-
phometric characters in experimental infections (Swarnakumari 
and Madhavi, 1992; Balfour et aI., 2001). This is the first sys-
tematic assessment of the "crowding effect" on digenetic trem-
atodes and its potential taxonomic consequences. 
There was an inverse relationship between inoculum size and 
worm size, as would be expected from previous studies. While 
the differences in size of the organs and structures examined 
showed a definite trend, they were neither uniform among struc-
tures nor consistent across groups (low, medium, and high in-
oculum levels), leading to the potential for recognizing speci-
mens from different densities as different species. 
Reproductive structures were most sensitive to the effects of 
crowding (Table II) as has been reported by Swarnakurmari and 
Madhavi (1992) for Philopthalmus nocturnus in chickens and 
by Balfour et aI. (2001) for E. caproni in ICR mice. Since the 
ranges overlapped for all reproductive characters, except ovary 
length, it is unlikely that these differences would result in rec-
ognition of distinct species by a competent taxonomist. 
The effects of crowding on body measurements were vari-
able. Total length declined, as expected, between the low and 
mediumlhigh inoculum groups, while maximum width differed 
significantly between all groups with no overlap between 
worms from low and high groups. The ratio of maximum widthl 
total length declined significantly between all groups. Forebody 
length and posttesticular field length showed no significant dif-
ferences, nor did the ratios of forebody/total length or uterine 
length/total length. The latter is surprising, as uterine length 
exhibited a significant inverse relationship with inoculum size. 
This suggests that the decline in total length was, at least in 
part, due to a reduction in size of the reproductive structures. 
The only measurement to show an increase with population 
density was the ratio of posttesticular field lengthltotal length, 
suggesting the possible necessity for increased nutrient pro-
cessing due to crowding. 
Measurements of muscular structures, circumoral spines, and 
eggs all showed similar trends with significant reductions in 
size between the specimens from the low/medium and high 
groups. Differences in the size of the suckers, including ratios 
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TABLE II. Univariate statistics for Echinostoma caproni from various inoculum sizes in ICR mice, all measurement in micrometers; CV 
coefficient of variation (%). 
Inoculum size 
25 (n = 20) 100 (n = 20) 300 (n = 10) 
Variable Mean (range) CV Mean (range) CV Mean (range) CV 
TL*t 5,035 (4,450-5,949)a* 7.8 4,618 (3,675-5,250)b 6.9 4,323 (3,600-4,700)b 9.3 
MW* 1,056 (921-1,218)a 6.9 852 (762-950)b 6.0 720 (485-832)' 16.8 
FBL* 567 (356-643)a 15.8 565 (505-634)a 6.3 500 (356-643)a 19.5 
PTFL* 1,488 (643-1,792)a 16.5 1,538 (1,297-1 ,675)a 6.5 1,476 (1,200-1,688)a 12.6 
PhL* 136 (118-155)- 6.1 145 (135-150)- 3.0 116 (79-140)b 21.1 
PhW* 113 (103-133)- 7.1 118 (106-128)- 4.2 91 (59-111)b 21.7 
OSL 149 (125-167)a 7.5 154 (145-167)- 4.0 128 (89-160)b 23.3 
OSW 143 (113-162)a 9.4 145 (133-155)' 4.2 121 (84-145)b 21.0 
VSL 477 (406-554)- 9.4 452 (426-475)a, b 4.1 441 (356-495)b 9.7 
VSW 437 (396-475)- 5.0 433 (406-465)- 4.1 400 (277-446)b 15.0 
OSLNSL* 31.6 (23.9-37.7)a 12.4 34.2 (31.2-37.2)- 5.3 28.8 (20.4-34.1)b 30.0 
OSWNSW* 32.8 (25.3-36.4)- 8.5 33.4 (31.0-35.6)a 4.1 30.2 (22.3-33.6)b 11.6 
ATL* 428 (218-564)- 21.6 361 (208-455)b 14.4 255 (208-317)' 11.8 
ATW* 371 (267-475)a 13.8 344 (139-397)a 16.0 248 (149-297)b 16.5 
PTL* 531 (455-653)- 11.8 471 (396-525)b 7.6 439 (376-525)b 11.3 
PTW* 332 (267-406)- 10.7 304 (248-356)b 9.4 235 (139-286)' 20.0 
OL* 206 (180-258)" 9.3 168 (140-180)b 5.2 150 (111-170)' 12.6 
OW* 303 (277-347)- 6.4 249 (228-297)b 7.6 234 (158-287)b 15.2 
UL* 1,182 (980-1,327)a 7.9 1,089 (970-1,396)" 9.3 987 (841-1168)' 10.5 
ASL 63.5 (45-75)- 10.5 59.8 (40-65)a 8.8 39.3 (35-63)b 31.1 
ASW 16.5 (15-18)a 14.4 15.1 (13-18)- 10.0 13.3 (10-15)b 8.4 
DSL 49.4 (40-58)a 10.6 54.4 (45-65)- 10.6 35.5 (25-53)b 25.7 
DSW 14.7 (13-18)- 10.5 14.7 (13-18)a 13.1 11.9 (lO-13)b 12.0 
LSL 65.5 (60-73)a 5.9 65.3 (55-70)- 5.7 44.0 (30-65)b 23.3 
LSW 15.7 (13-18)a 9.3 15.3 (15-18)- 6.0 13.3 (1O-15)b 10.6 
EGGL 124 (118-133)" 2.3 123 (115-130)a 2.6 119 (113-125)b 2.4 
EGGW 74 (70-80)a 3.2 73 (65-80)" 4.5 70 (65-75)b 3.1 
MWrrL* 21.1 (18.3-24.9)- 8.3 18.5 (14.9-21.3)" 7.9 16.6 (13.5-18.8)' 11.0 
FBLffL* 11.3 (7.7-13.8)a 14.3 12.4 (9.6-14.8)" 8.7 11.5 (9.0-13.8)" 13.3 
ULffL* 23.6 (21.7-27.0)a 6.2 23.2 (20.6-27.1)a 6.8 22.9 (19.9-26.5)a 8.1 
PTFLffL* 29.6 (12.4-36.1)" 15.7 33.4 (29.2-39.1)b 6.5 34.0 (30.7-36.7)b 5.3 
* Denotes characters used in discriminant function analysis. 
t ASL-angle spine length; ASW-angle spine width; ATL-anterior testis length; ATW-anterior testis width; DSL-dorsal spine length; DSW-----<lorsal spine width; 
EGGL--egg length; EGGW-egg width; FBL-forebody length; LSL-lateral spine length; LSW-lateral spine width; MW-maximum width; OL--ovary length; 
OSL-oral sucker length; OSW--oral sucker Width; OW--ovary width; PbL-pharynx length; PhW-pharynx width; PTFL-posttesticular field length; PTL-
posterior testis length; PTW-posterior testis width; TL-total length; UL -uterine length; VSL-ventral sucker length; VSW-ventral sucker width; FBLfTL-
ratio forebody lengthltotallength (%); MWrrL-ratio maximum widthltotallength (%); OSUVSL-oral sucker/ventral sucker length ratio (%); OSWNSW-ratio 
oral sucker/ventral sucker width (%); PTFLfTL-ratio posttesticular field lengthltotallength (%); ULITL-ratio uterine lengthltotallength (%). 
* a, b, c: Each unique letter indicates a significant difference between group means, P < 0.05. 
of oral sucker/ventral sucker length and width, pharynx length 
and width, along with the size of the spines and eggs, could 
lead to the identification of these specimens as separate species. 
Discriminant function analysis, ba~ed on 19 characters (Table 
TABLE III. Coefficient of variation of adult Echinostoma caproni from 
ICR mice infected with varying numbers of metacercariae. 
Coefficient Infective dose 
of variation 25 100 300 
<10 58.1 (18/31)* 83.9 (26/31) 22.6 (7/31) 
10-20 38.7 (12/31) 16.0 (5/31) 51.6 (16/31) 
>20 3.2 (1/31) 0 25.8 (8/31) 
* % of characters with CV in given range (no. of characters with CV in range/ 
total no. of characters measured). 
II), correctly classified all worms based on infection size with 
the greatest degree of difference between the low and medium 
infection groups (Fig. 1). This finding does not contradict the 
ANOV A results that found a larger number of significant dif-
ferences between the low/medium and high infection groups 
(Willig and Owen, 1987). 
Kostadinova et al. (2000) employed the same statistical anal-
ysis, using 5 morphometric characters, to differentiate 2 species 
of 37-collar spined echinostomes successfully, i.e., E. revolutum 
and E. miyagawai. Kostadinova et al. (2000) also achieved 
100% classification between groups, and the canonical scores 
plot was similar to that shown in the current study. Therefore, 
population density, or the "crowding effect," can have a sig-
nificant impact on the morphometrics of E. caproni, and the 
differences in the current study are similar to those used to 
differentiate distinct species of Echinostoma. 
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FIGURE 1. Canonical scores plot derived using 19 variables and 50 
specimens of Echinostoma caproni from three different infection sizes 
in ICR mice. Abbreviations: 0 = 25 metacercariae; X = 100 metacer-
cariae; + = 300 metacercariae. 
The coefficient of variation differed markedly between spec-
imens of E. caproni from the 3 groups (Table III). The CV 
exceeded 20% for only 1 character (anterior testis length) in 
the low group, none in the medium group, and 25.8% in the 
high group. Echinostoma caproni is typically well tolerated by 
ICR mice with infections maintained for 6-7 mo (Hosier and 
Fried, 1991). The low recovery of adults from the high inocu-
lum group (7.3%) suggests the expulsion of the majority of the 
juvenile worms via an inflammatory response (Graczyk, 2000). 
Roberts (2000) suggested the immune response as a possible 
agent of crowding. Worms able to establish under these con-
ditions would be in an altered and hostile environment that 
could affect development and, therefore, adult morphometry. 
Since it is unlikely that the release of inflammatory chemicals 
would be uniform in the gut, these conditions could contribute 
to the higher variability observed. We have no direct data.to 
support this assertion; however, the successful infections with 
25 and 100 metacercariae would suggest that the majority of 
the 300 metacercariae inoculum reached the small intestine and 
could have elicited some response. Kinetic studies of high in-
oculum infections are certainly warranted to determine patterns 
of establishment and expulsion, as well as potential mechanism 
of host-parasite interaction. • , 
All mice in the current study were infected with E. caproni 
at necropsy. Percent recovery in the low and medium infection 
groups (77% and 69%, respectively) was consistent with pre-
vious studies (Hosier and Fried, 1991; Balfour et al., 2001). 
Therefore, sampling 2 populations of hosts with averages of 19 
and 69 (as in the current study) and discovering the differences 
we identified would likely lead the investigator at least to sus-
pect that density-dependent factors might be at play. The low 
yield of E. caproni from the high inoculum group would be 
unlikely to raise the same suspicion. We realize that conclusions 
based on specimens from a single host may be met with some 
skepticism; however, species identification of digenetic trema-
todes from a single host animal is routine. And, while the de-
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TABLE IV. Character loadings for measurements and ratios used in the 
discriminant function analysis for 3 infection sizes of Echinostoma cap-
roni in ICR mice. 
Character Canonical variate (l) Canonical variate (2) 
TL* 0.538 -0.364 
MW 0.775 -0.496 
MWffL 0.636 -0.454 
PL -0.060 -0.767 
PW 0.026 -0.807 
ATL 0.494 -0.568 
ATW 0.361 -0.668 
PTL 0.550 -0.309 
PTW 0.444 -0.665 
OL 0.779 -0.399 
OW 0.775 -0.291 
FBL 0.107 -0.378 
FBLffL -0.306 -0.192 
UL 0.484 -0.437 
ULffL 0.037 -0.198 
PTFL -0.098 -0.129 
PTFLffL -0.514 0.154 
OSLNSL -0.085 -0.614 
OSWNSW 0.021 -0.518 
* Abbreviations follow those in Table II. 
scription of new taxa from a single host is far from ideal, it is 
not an uncommon practice. 
Morphometric variability in the "revolutum" group of Echi-
nostoma has been well documented in the literature (Beaver, 
1937) and is a constant concern in the identification and de-
scription of new species in the genus (Kostadinova and Gibson, 
2000; Fried and Toledo, 2004). The current consensus in iden-
tifying species in this group is that larval morphology is reliable 
(Kostadinova and Gibson, 2000; Fried and Toledo, 2004) and 
that molecular data (Morgan and Blair, 1995, 1998) may be 
employed effectively as well. The material used in the current 
study represents a single genetic population that has been main-
tained in the laboratory for several decades (B. Fried, pers. 
comm.). Our results strongly suggest that popUlation density, or 
the crowding effect, can have a material impact on the mor-
phometry of digenetic trematodes and might result in the rec-
ognition of 2 or more species, when only 1 is present. Obvi-
ously, molecular analysis of the current material would group 
our specimens in a single species. 
No single character, or suite of characters, can be used to 
unambiguously differentiate species of digenetic trematodes. 
The process is subjective, which has nothing to do with the 
philosophical debate regarding the reality of species, and typi-
cally based on the judgment of a competent taxonomist after 
careful study of a wide range of specimens in an attempt to 
identify the morphological differences between and assess the 
limits of variation within a group of organisms. We agree with 
previous authors (Kostadinova and Gibson, 2000; Spakulov!l, 
2002; Fried and Toledo, 2004) that a combination of morpho-
logical, molecular, and life history data is most desirable in 
making these determinations. The reality is, however, somewhat 
different. In many instances, only a few specimens of digenetic 
trematodes, from 1 or a small number of hosts, are available 
for study, and experimental completion of the life cycle is sim-
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ply not possible. Molecular analysis should be done, but is not 
yet routine, and there may not be a standard for comparison in 
many groups. Therefore, a careful assessment of morphomet-
rics, and the range of variation, will continue to be the starting 
point for the identification of digenetic trematodes. 
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HAEMODIPSUS BRACHYLAGI N. SP. (PHTHIRAPTERA: ANOPLURA: POLYPLACIDAE), 
A NEW SUCKING LOUSE FROM THE PYGMY RABBIT IN NEVADA 
Lance A. Durden and Robert L. Rausch* 
Department of Biology, and Institute of Arthropodology and Parasitology, P.O. Box 8042, Georgia Southern University, Statesboro, Georgia 
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ABSTRACT: The male and female of Haemodipsis brachylagi n, sp. (Phthiraptera: Anoplura) are described from specimens 
collected from a pygmy rabbit, Brachylagus idahoensis (Merriam) (Lagomorpha: Leporidae), from Nevada. Morphological fea-
tures that differentiate the new species from other known species of Haemodipsus are elucidated, and an identification key to 
both sexes of the 3 species now known from this genus in North America is included. Geographical distributions of the other 4 
species of Haemodipsus known from other parts of the world are highlighted. 
Sucking lice (Phthiraptera: Anoplura) are permanent, hema-
tophagous, ectoparasitic insects of placental mammals through-
out the world, with about 550 species of Anoplura currently 
known (Durden and Musser, 1994; Kim, 2006), Until now, the 
known native and naturalized sucking louse fauna of North 
America consisted of 76 species assigned to 9 families and 19 
genera (Kim et al" 1986), The last species of sucking louse 
described from North America was Linognathoides cynomyis 
Kim, which parasitizes the black-tailed prairie dog, Cynomys 
ludovicianus (Ord) (Kim, 1986). In the present article, we de-
scribe another new species of sucking louse from North Amer-
ica, which brings the total number of native and naturalized 
sucking lice known from this continent to 77. 
The new louse belongs to the polyplacid genus Haemodipsus 
and was collected from the relatively little-studied pygmy rab-
bit, Brachylagus idahoensis (Merriam), in Nevada, The Poly-
placidae is the most speciose family within the Anoplura; 
worldwide, 16 genera and about 200 species are currently as-
signed to this family (Durden and Musser, 1994), although this 
information could be subject to taxonomic revision in the fu-
ture, In North America, 5 genera and 27 species were assigned 
to the Polyplacidae by Kim et al. (1986). Members of Hae-
modipsus are ectoparasites of rabbits and hares (Lagomorpha: 
Leporidae) throughout much of the world (North America, Eu-
rope, Asia, and Mrica) with an introduced species also present 
in Australia, North America, and elsewhere (Durden and Mus-
ser, 1994). Until now, 2 species of Haemodipsus were known 
from North America. These species are the native H. setoni 
Ewing, which parasitizes several species of Lepus and at least 
2 species of Sylvilagus in western North America, and the nat-
uralized (originally introduced) H. ventricosus (Denny), which 
parasitizes the European rabbit, Oryctolagus cuniculus (L.), 
which occurs throughout North America as the laboratory rabbit 
and in commercial rabbitries. • , 
MATERIALS AND METHODS 
The descriptive format followed in this article is that of Durden and 
Timm (2001), which was based on that of Kim and Ludwig (1978). 
Names and abbreviations for setae follow those 2 articles and are 
spelled out in full when first mentioned herein. Louse specimens were 
stored in 70% ethanol from the field and were later cleared in 10% 
potassium hydroxide, dehydrated through an ethanol series of increasing 
Received 9 August 2006; revised 22 September 2006; accepted 19 
October 2006. 
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concentrations up to 100%, further cleared in xylene, and then slide-
mounted in Canada balsam following standard procedures (Kim et aI" 
1986). Specimens were measured with a calibrated eyepiece graticule 
fitted into a high-power Olympus BH-2 light microscope. Drawings 
were prepared with the aid of a Leitz PRADO 500 microprojector. 
DESCRIPTION 
Haemodipsus brachy/agi n. sp. 
(Figs. 1-8) 
Male (Figs. 1-4): Total body length of holotype, 1.35 mID, mean of 
series 1.36 mm, range 1.31-1.43 mID (n = 3). Head, thorax, and ab-
domen moderately sclerotized. Head slightly longer than wide and 
broadly rounded both anteriorly and laterally; 1-2 apical head setae, 
5-6 anterior marginal head setae, 4 ventral preantennal head setae, 1 
ventral principal head seta (VPHS), 1 ventral posterior marginal head 
seta (VPoMHS), 1 dorsal anterior head seta, 2 supra-antennal head se-
tae, 2 sutural head setae (SuHS), 4 dorsal marginal head setae, 1 dorsal 
principal head seta (DPHS), 1 dorsal accessory head seta (DAcHS), and 
1 dorsal posterior central head seta, on each side. VPHS relatively small 
and situated significantly posterior to antennal insertions, VPoMHS dis-
placed medially, SuHS inserted posterior to principal head suture, and 
DAcHS displaced anteriorly with respect to insertion of DPHS. Anten-
nae 5-segmented with basal segment much larger than other segments 
and slightly longer than wide; second antennal segment more elongate 
than third, fourth, or fifth segments. 
Thorax about as long as wide. Thoracic sternal plate (Fig. 2) subtrian-
gular but with broadly rounded posterior angles and moderately rounded 
anterior angles. Mesothoracic spiracle diameter 0.025 mID. Dorsal prin-
cipal thoracic seta (DPTS) length 0.22 mID. Tiny mesothoracic seta 
present between mesothoracic spiracle and DPTS in most (2 of 3) spec-
imens. Legs progressively larger and more robust from anterior to pos-
terior, all legs with subtriangular coxae proximally and acuminate claws 
terminally, the claws also increasing in size from anterior to posterior. 
Abdomen significantly wider than thorax and devoid of tergites and 
sternites as is characteristic of this genus. Nine rows of relatively long 
dorsal central abdominal setae (DCAS); row 1 with 4 DCAS, rows 2 
and 3 each with 5 DCAS, rows 4-7 each with 6--7 DCAS, row 8 with 
5 DCAS, and row 9 with 2 DCAS. Nine rows, or singletons, of dorsal 
lateral abdominal setae (DLAS) on each side; row 1 with 1 DLAS, rows 
2-5 each with 3 DLAS, row 6 with 2 DLAS, and rows 7-9 each with 
1 DLAS on each side; setae in DLAS rows 8 and 9 more lateral than 
DLAS in rows 1-7. Nine rows of ventral central abdominal setae 
(VCAS); row 1 with 3 VCAS, rows 2-7 each with 6--8 VCAS, and 
rows 8 and 9 each with 4 VCAS; all VCAS, except those in rows 1 
and 9, relatively long. Seven rows of ventral lateral abdominal setae 
(VLAS); row 1 with 2 VLAS, rows 2-4 each with 3 VLAS, row 5 with 
4 VLAS (the 2 medial VLAS being shorter than the 2 lateral VLAS in 
this row), row 6 with 3 VLAS (the medial 2 VLAS being much shorter 
than the lateral VLAS in this row), and row 7 with 3-4 VLAS (all 
small) on each side. Three to 5 small setae situated apically at tip of 
abdomen. Paratergal plates (Fig. 3) highly reduced as is characteristic 
of this genus with only 4 tiny plates present: plates I-III subtriangular, 
plate IV subrectangular, each plate surrounding a spiracle and with 
1-2 long paratergal setae (PrS). Two additional spiracles present pos-
teriorly (for a total of 6 abdominal spiracles on each side) and each 
with 1-2 long PrS. 
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FIGURES 1-4. Haemodipsus brachylagi n. sp., male. (1) Dorsoventral view. (2) Thoracic sternal plate. (3) Paratergal plates. (4) Genitalia. Bars 
= 0.1 mm. 
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FIGURES 5-8. Haemodipsus brachylagi n. sp., female. (5) Dorsoventral view. (6) Thoracic sternal plate. (7) Paratergal plates. (8) Genitalia. 
Bars = 0.1 mm. 
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Genitalia (Fig. 4) with basal apodeme about 2.5 times longer than 
parameres; parameres broadly acuminate posteriorly and curved inward 
anteriorly (basally); pseudopenis long, extending well beyond apices of 
parameres, and slightly thickened immediately posterior to parameres. 
Subgenital plate (shown in Fig. 1), reduced as is characteristic for males 
of this genus, consisting of a single thickened ridge diverging from 
posterior to anterior on each side. 
Female (Figs. 5-8): Total body length of allotype 1.75 mm, mean of 
series 1.67 mm, range 1.51-1.80 mm (n = 8). Morphology as in male 
unless stated otherwise. Thoracic sternal plate (Fig. 6) with posterolat-
eral angles less rounded than in male in most specimens. Abdomen 
much wider than thorax and wider than in male. Ten rows of relatively 
long DCAS; row 1 with 4 DCAS (with 2 medial DCAS longer than 2 
lateral DCAS in this row), rows 2-5 each with 6-8 DCAS, rows 6-8 
each with 8-10 DCAS, row 9 with 8 DCAS, and row 10 with 6 DCAS. 
Nine rows or singletons of DLAS on each side; row 1 with 2 DLAS; 
rows 2 and 3 each with 5 DLAS, rows 4-7 each with 3 DLAS, and 
rows 8-9 each with 1 DLAS on each side. Setae in row 9 short. Four 
short apical setae situated dorsally near end of abdomen. Eight rows of 
relatively long VCAS with significant gaps present between rows 2 to 
3 and 3 to 4; row 1 with 4 VCAS, rows 2-6 each with 8 VCAS, and 
rows 7 and 8 each with 6 VCAS. Five rows of VLAS, each row with 
3-4 VLAS on each side; 3-4 very small setae posterior to last row of 
VLAS and adjacent to last spiracle. Paratergal plates (Fig. 7) all sub-
triangular. 
Genitalia (Fig. 8) with laterally extended well sclerotized subgenital 
plate having subparallel margins except in medial region, and broadly 
rounded postero-central protuberance; 2 very small setae inserted on 
subgenital plate anterior to this protuberance, and another 4-6 very 
small setae inserted immediately anterior to subgenital plate. Gonopods 
and vulvar fimbriae distinct; gonopods VIII subtriangular, each with 1 
short postero-central seta and 6-8 short setae on postero-medial margin; 
gonopods IX smaller than gonopods VIII and each bearing a stout, 
relatively long seta; 10-14 tiny setae postero-medial to gonopods IX. 
Small patch of sclerotized integument on each side posterior to gono-
pods IX at posterior abdominal margin, each patch with 5-6 tiny setae 
inserted along posterior margin. 
Taxonomic summary 
Type host: Brachylagus idahoensis (Merriam) (pygmy rabbit), fe-
male, 428 g, total length 261 mm, tail 22 mm, hind foot 62 mm, ear 
44 mm, field no. 261-22-62-44, no placental scars noted; R. L. and V. 
R. Rausch field no. 50651; Burke Museum of Natural History, Univer-
sity of Washington, accession no. 39780 (skin and skeleton). 
Type locality: USA, Nevada, Elko County (T34N, R59E, section 27); 
host found dead on road; 13 March 2003; coll: T. Wasley. 
Specimens deposited: Holotype (male), allotype (female), and 3 para-
type females deposited in the Department of Entomology, U.S. National 
Museum of Natural History, Smithsonian Institution, Washington D.C. 
(accession no. 2041765). Other paratypes are in the collections of the 
authors (accession no. L-32823 at Georgia Southern University, States-
boro, Georgia). 
Etymology: The specific epithet of this new species is derived from 
the host genus. 
Remarks A' 
Perhaps, not surprisingly, H. brachylagi n. sp. seems to be morpho-
logically closest to the other native North American louse belonging to 
this genus, H. setoni. 
These 2 species of Haemodipsus, as well as H. conformalis Blago-
veshchensky from Lepus tolai in central Asia, are the only members of 
the genus that have a subtriangular thoracic sternal plate. Haemodipsus 
conformalis (known only from the female), apart from its contrasting 
geographical and host distribution, can be distinguished from both H. 
setoni and H. brachylagi by having more numerous abdominal setae 
and abruptly tapered lateral extensions to the subgenital plate (Blago-
veshchensky, 1965). 
Males of H. brachylagi can be distinguished from males of H. setoni 
in having a much longer basal apodeme (about 2.5 times the length of 
the parameres); the basal apodeme is about 1.7 times the length of the 
parameres in H. setoni. Also, the parameres are distinctly curved in-
wards anteriorly (basally) in H. brachylagi but not in H. setoni. Another 
difference between the males of these 2 species is the presence of 3 
DLAS in each of rows 2-5 and 3 VLAS in each of rows 2-4 in H. 
brachylagi compared with 1 DLAS in each of rows 2-5 and 2 VLAS 
in each of rows 2-4 in H. setoni. 
Females of H. brachylagi can be distinguished from females of H. 
setoni in having the subgenital plate long and narrow with subparallel 
margins except in the medial region; in H. setoni, this plate is subtrian-
gular with distinctly unparallel margins. Another difference between 
females of these 2 species is the presence of 5 DLAS in each of rows 
2-3 in H. brachylagi compared with 3 DLAS in each of these rows in 
H. setoni. 
Key to known species of Haemodipsus in North America 
It is not appropriate to prepare a key to all known species of Hae-
modipsus at the present time because only 1 sex is known for some 
species-H. africanus and H. conformalis. 
Males 
1A. Thoracic sternal plate subrectangular, about 3 times as wide 
as long; parameres with wide posterior opening; pseudopenis 
barely extending beyond apices of parameres; up to 5 DLAS 
and VLAS per row on each side on abdomen; on introduced 
domestic/laboratory rabbit, Oryctolagus cuniculus . .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. ventricosus 
IB. Thoracic sternal plate subtriangular, about as wide as long; 
parameres with narrow posterior opening; pseudopenis ex-
tending well beyond apices of parameres; no more than 4 
DLAS or VLAS per row on each side of abdomen; on native 
North American leporids . . . . . . . . . . . . . . . . . . . . . .. 2 
2A (lB). 3 DLAS in each of rows 2-5 and 3 VLAS in each of rows 
2-4; basal apodeme more than twice the length (about 2.5X) 
of the parameres, parameres curved inward anteriorly (basal-
ly), on Brachylagus idahoensis . . . . . . . . .. H. brachylagi 
2B (lB). 1 DLAS in each of rows 2-5 and 2 VLAS in each or rows 
2-4; basal apodeme less than twice the length of the para-
meres (about 1.7X), parameres not curved inward anteriorly 
(basally), mainly on Lepus spp., occasionally on Sylvilagus 
spp., mainly in western and central North America ..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H. setoni 
Females 
1A. Thoracic sternal plate subrectangular, about 3x as wide as 
long; 4 DLAS in each of rows 3-6 and 4 VLAS in all rows; 
posteromedian extension of subgenital plate reaching to vul-
var fimbriae; on introduced domesticnaboratory rabbit, Or-
yctolagus cuniculus . . . . . . . . . . . . . . . . . . H. ventricosus 
IB. Thoracic sternal plate subtriangular, about as wide as long; 1, 
2, 3 or 5 DLAS (never 4) in each of rows 3-6 and 3 VLAS 
in all rows (except row 3 of H. brachylagi, which can have 
4); posteromedian extension of subgenital plate not reaching 
to vulvar fimbriae; on native North American leporids .. 2 
2A (lB). 5 DLAS in each of rows 2-3; subgenital plate long and nar-
row with subparallel margins except in medial region; on 
Brachylagus idahoensis . . . . . . . . . . . . . .. H. brachylagi 
2B (lB). 3 DLAS in each of rows 2-3; subgenital plate subtriangular 
with distinctly unparallel margins; on Lepus spp. and occa-
sionally on Sylvilagus spp., mainly in western and central 
North America ......................... H. setoni 
DISCUSSION 
The pygmy rabbit is an increasingly rare sagebrush (Arte-
misia tridentata )-associated mammal that is confined to parts 
of California, Idaho, Oregon, Montana, Nevada, and Utah, with 
an additional small, disjunct, endangered popUlation in Wash-
ington (Green and Flinders, 1980; Duszynski et al., 2005; Hoff-
mann and Smith, 2005). Because of the general reduction in 
population density and range of this rabbit, its associated suck-
ing louse as described herein, is also probably rare. Hopefully, 
the host-specific parasites of this unique host can be conserved 
in concert with any host conservation efforts (Durden and Keir-
ans, 1996), so that these parasites are not lost forever as may 
be the case with some of the parasites of the black-footed ferret, 
Mustela nigripes (Audubon and Bachman) (Gompper and Wil-
liams, 1998). Haemodipsus brachylagi is not the only parasite 
that seems to be host-specific to the pygmy rabbit; for example, 
the protozoan Eimeria brachylagia Duszynski, Harrenstien, 
Couch and Garner, was recently described from this host (Du-
szynski et aI., 2005). 
The sucking louse genus Haemodipsus is now known to in-
clude 7 described species. Despite the small number of recog-
nized species, as a group, representatives of this genus are 
widely distributed geographically, with H. africanus Bedford 
occurring in southern Africa (although it is known from a single 
female specimen, which cannot currently be located in any mu-
seums, and is presumed to be lost), H. brachylagi n. sp. in 
western North America, H. conformalis Blagoveshchensky in 
central Asia, H. leporis Blagoveshchensky in Eurasia, H. lyri-
ocephalus (Burmeister) in Eurasia, H. setoni in North America, 
and H. ventricosus in Europe (Durden and Musser, 1994). Fur-
thermore, some of these louse species have definitely, or ap-
parently, been introduced into other biogeographical regions. 
For example, H. ventricosus is the louse of the domestic (Eu-
ropean/laboratory) rabbit, and, with its host, it has been intro-
duced around the world, so that it is now virtually cosmopolitan 
(Kim et aI., 1986; Durden and Musser, 1994). Also, H. lyrioce-
phalus has been introduced into New Zealand with its European 
hare hosts (Tenquist and Charleston, 1981), and it is also pre-
sent on scrub hares, Lepus saxatilis Cuvier, in South Africa 
where it seems to be part of the native fauna (Louw et aI. 1993). 
Haemodipsus setoni has similarly been reported from native 
leporids in Eurasia and South Africa where it may be an intro-
duced species (Louw et aI., 1993; Durden and Musser, 1994). 
Further detailed examinations of native leporids for ectopara-
sites in various parts of the world will probably yield a few 
more undescribed species of Haemodipsus as well as range ex-
tensions for introduced species. 
Some Haemodipsus spp. lice might be enzootic vectors of 
zoonotic pathogens such as FranciseZZa tularensis, the bacteri-
um that causes tularemia ("rabbit fever"). Moreover, F. tular-
ensis has been isolated from H. ventricosus, which is a con-
firmed laboratory vector of this pathogen (Shaughnessy, 1963; 
Durden, 2002). 
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DISPERSAL OF UDONELLA AUSTRALIS (MONOGENEA: UDONELLIDAE) BETWEEN 
CALIGID COPEPODS CALIGUS ROGERCRESSEYI AND LEPEOPHTHEIRUS MUGILOIDIS 
ON CHILEAN ROCK COD 
Sandra L. Marin, Juan Carvajal*, and Mario George-Nascimentot 
Instituto de Acuicultura, Universidad Austral de Chile, P.O. Box 1327, Puerto Manit, Chile. e-mail: smarin@uach.cI 
ABSTRACT: Udonella australis is a platyhelminth that lives on the surface of the ectoparasite copepods Caligus rogercresseyi 
and Lepeophtheirus mugiloidis, which coexist on the Chilean rock cod Eleginops maclovinus. The absence of a planktonic 
oncomiracidium stage in the life cycle of udonellids may limit their dispersal ability. However, the high prevalence and intensity 
of U. australis on C. rogercresseyi suggest they have developed dispersal strategies to compensate for the lack of a free-living 
larval stage. The goals of this study were to determine the main dispersal mechanisms of U. australis in 1 copepod species and 
to compare the dispersal ability of U. australis between 2 different copepod species. Chilean rock cods were infected with female 
(without udonellids) and male (with and without udonellids) C. rogercresseyi. Other fishes were also infected with this copepod 
(with U. australis) and with L. mugiloidis (without U. australis). The dispersal of udonellids among copepods occurs through 
both intraspecific and interspecific processes. The main dispersal mechanism appears to be copepod mating; contact between 
same-sex individuals is less important. Intraspecific dispersal seems to be more dependent on the number of udonellids per fish 
than on copepod abundance, as observed for interspecific dispersal. 
Species of Udonella are platyhelminths that are commonly 
found attached to the external surface of ectoparasite copepods, 
e.g., Caligus spp. (Dawes, 1946; Causey, 1961; Kabata, 1973) 
and Lepeophtheirus spp. (Villalba, 1985; Carvajal et a!., 1998). 
These worms were first observed in Chile on Lepeophtheirus 
mugiloidis, an ectoparasite of Mugiloides chilensis in the coun-
try's central zone (36°45'S, 73°11'W), described as Udonella 
australis by Villalba (1985). Years later, along the coast near 
Puerto Montt, Chile (41°29'S, 72°58'W), Udonella sp. was ob-
served on both Caligus rogercresseyi and L. mugiloidis cope-
pods coexisting on the Chilean rock cod Eleginops maclovinus 
(Carvajal et a!., 1998; Marin et a!., 2002). Carvajal and Sepul-
veda (2002) described these platyhelminths as representatives 
of a new species, U. australis. Of the 6 Udonella species cur-
rently recognized worldwide, only U. australis is present in the 
Southern Hemisphere (Carvajal and Sepulveda, 2002). 
Kabata (1973) determined a direct life cycle for Udonella 
caligorum, without a planktonic oncomiracidium stage; that is, 
a larva identical to an adult except for sexual maturity and size, 
emerges from each egg. Udonella spp. adults are preferentially 
located on the host egg sacs, whereas worm eggs and juveniles 
are found on the host's genital area (Villalba, 1985). Marin et 
al. (2002) reported 22-63% prevalence of U. australis on C. 
rogercresseyi infrapopulations, with an average intensity of up 
to 40 per copepod. This suggests that the worms could damage 
the copepod eggs and affect the population biology. However, 
Carvajal et a!. (2001) established that U. australis is commensal 
to C. rogercresseyi. Subsequently, Marin et a!. (2002) showed 
that the presence of U. australis d~~s not significantly reduce 
fecundity or survival of the free-living copepod stages. 
Udonellid dispersal may seem to be limited because of the 
absence of the oncomiracidia (Lafferty and Kuris, 1996; Whit-
tington et a!., 2000). Nonetheless, the high prevalence and in-
tensity of U. australis on C. rogercresseyi suggests that dis-
persal is related to the behavior of the host copepod as well as 
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the abundance of both copepods and udonellids on a single fish. 
Additional information on U. australis dispersal mechanisms 
between copepods of the same or different species will contrib-
ute to the udonellid's taxonomic analysis, provide a better un-
derstanding of its geographic distribution, and provide further 
knowledge of its specificity, biology, and ecology. 
Given the characteristics of the U. australis life cycle, its 
dispersal between host copepods on a single fish may be re-
stricted to events in which carrier and noncarrler copepods 
come into contact with one another. This contact between co-
pepods of the same species (intraspecific dispersal) may occur 
during reproduction or when in close proximity as a result of 
copepod movement. Udonella spp. dispersal between copepods 
of different species (interspecific dispersal) may be restricted to 
events in which the copepods come into contact on the same 
fish. Therefore, the goals of our study were to determine the 
main dispersal mechanisms of U. australis among copepods of 
the same species (mating behavior and copepod movement) on 
a single fish, and to compare the dispersal ability of U. australis 
among copepods of both the same and different species coex-
isting on a single fish. Since udonellids lack an oncomiracidium 
stage, this study also evaluated the significance of both copepod 
and udonellid abundance in explaining the variability of udo-
nellid dispersal on a single fish. 
MATERIALS AND METHODS 
General goals 
Two experiments were conducted to evaluate the U. australis dis-
persal capacity among 1 copepod species (intraspecific dispersal) and 
between 2 different copepod species (interspecific dispersal). The intra-
specific dispersal experiment evaluated the capacity of udonellids to 
colonize a copepod of the same species that was not originally an udo-
nellid carrier. For this, host fishes were infected individually with co-
pepods of a single species (c. rogercresseyi). The interspecific dispersal 
experiment evaluated the dispersal capacity of U. australis between 
copepods of different species coexisting on a single fish. In this exper-
iment, the fishes were infected with C. rogercresseyi carrying udonel-
lids and L. mugiloidis without udonellids. In these experiments, we 
worked with the following species: Chilean rock cod, E. maclovinus, 
copepod host; the copepods C. rogercresseyi and L. mugiloidis, com-
mensal hosts for U. australis; and U. australis. The procedures used 
with each species are explained in the following sections. 
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TABLE I. Number of Caligus rogercresseyi copepods without udonellids (w/oUd), number of male copepods with udonellids (wlUd), total number 
of copepods used to infect each fish at the beginning of the intraspecific dispersal experiment, total number of udonellids attached to the copepods 
used to infect each fish, and number of copepods with udonellids at the end of the experiment. 
At the beginning of the experiment 
Number of Number of 
Replicate C. rogercresseyi w/oUd C. rogercresseyi wlUd 
(fish) (males and females) (males) 
4 2 
2 3 4 
3 6 7 
4 10 6 
5 26 3 
6 29 5 
7 31 8 
8 30 9 
9 38 5 
10 41 3 
11 42 3 
12 50 3 
13 52 
14 36 19 
15 49 9 
16 62 4 
17 55 19 
18 66 8 
19 76 3 
20 80 3 
21 74 20 
Capture and preparation of the fishes for the experiment 
Chilean rock cods were captured by hook and line in close proximity 
to salmon farms located in Puerto Montt Bay (41°29'S, 72°58'W) in 
spring 2000 and summer 2001. In the laboratory, the fish were accli-
mated in 200-L tanks for a period of 8 days and then anesthetized with 
benzocaine (BZ20, 2.5 ml for every 20 L of water). The wet weight 
and total length were recorded and copepods were extracted with fiat 
pointed tweezers. Then, each fish (free of copepods) was transferred to 
an 80-L rectangular tank (1 fish per tank) identified with a correspond-
ing number. 
Intraspecific dispersal experiment 
Twenty-one fishes were independently infected with C. rogercresseyi 
copepods extracted from the recently captured Chilean rock cod. Avail-
able copepods were selected according to the following classification: 
males with and without Udonella (males wlUd and males w/oUd) and 
females without Udonella and without egg sacs (females w/oUd). A 
known number of male copepods wlUd and males and females 
w/oUd were added to each tank (Table I). Udonellids on the male car-
riers were eggs and/or juveniles and adulti .• The total number of udo-
nellids per fish corresponded to the total number of eggs, juveniles, and 
adults that were observed for all the copepods added to each fish tank 
(Table I). Thus, each fish was identified with the tank number, which, 
in tum, was associated with the number of copepods added based on 
their classification categories. Preliminary experiments demonstrated 
that both C. rogercresseyi and L. mugiloidis adults extracted immedi-
ately from a fish can successfully infect a new fish. During the infection 
process (2 hr), the water levels in the tanks were kept low, just enough 
to cover each fish, to increase the probability that the copepods would 
find the fish; the water volume was later returned to its initial level (80 
L). 
The water in the tanks was partially replaced daily; fish were fed 
once a day. Copepod loss due to the daily water changes was not mea-
sured. Water temperature (C) and salinity (%0) levels were recorded 
daily for each tank. After 10 days of the experiment, each fish was 
anesthetized and evaluated thoroughly by visual inspection for the pres-
Number of copepods 
Total number of Total number of wlUd at the end of the 
copepods per fish udonellids per fish experiment 
6 10 2 
7 2 4 
13 47 10 
16 15 8 
29 32 9 
34 42 8 
39 47 13 
39 607 37 
43 545 42 
44 67 18 
45 75 19 
53 5 7 
53 2 3 
55 934 53 
58 621 58 
66 6 8 
74 820 71 
74 65 35 
79 39 30 
83 93 48 
94 824 91 
ence of copepods with egg sacs. Since few egg sacs were observed, the 
experiment was extended to 20 days. We did not do (nor do we rec-
ommend) additional fish inspections, since the anesthesia and manipu-
lation of the fishes cause stress and the loss of copepods. To finish the 
experiment, each fish was anesthetized and all copepods were extracted, 
fixed in 10% formalin, and stored in vials identified with the tank num-
ber. The copepods were counted and classified (female wlUd, female 
w/oUd, male wlUd, male w/oUd) using a stereoscopic microscope. 
This experiment was based on several assumptions. First, the infec-
tion of fishes by females w/oUd and without eggs sacs would allow us 
to assume that the females carrying udonellids at the end of the exper-
iment had acquired them during the experiment. Second, the females 
had not been inseminated before use in the experiment. Third, if co-
pepod dispersal occurs among individuals of the same sex, it would be 
noted by the end of the experiment because the number of males 
wlUd would be greater than the number of males wlUd at the beginning 
of the experiment, suggesting that contact does occur between males. 
Fourth, the number of copepods per fish at the end of the experiment 
depended on both the capacity of the copepods to attach to the host 
and .the copepods lost during the experiment, i.e., mortality and losses 
due to daily water changes. 
Interspecific dispersal experiment 
The methodology used to treat the fishes, the extraction of the co-
pepods C. rogercresseyi and L. mugiloidis, and the infection process 
are as described for the intraspecific dispersal experiment. Fifteen Chil-
ean rock cods were infected with known numbers of C. rogercresseyi 
wlUd (males and females) and L. mugiloidis w/oUd (males and females) 
(Table II). During the infection process, each fish was identified with a 
number that corresponded to its assigned tank, which in turn was as-
sociated with the number of copepods of each species added to the tank. 
The experiment ended after 20 days. To complete the experiment, each 
fish was anesthetized and all copepods were extracted, fixed in 10% 
formalin, and stored in vials identified with the tank number until they 
were counted. The copepods were counted and classified (L. mugiloidis 
wlUd or w/oUd) using a stereoscopic microscope. In this experiment, 
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TABLE II. Number of Lepeophtheirus mugiloidis without udonnellids (w/oUd) and Caligus rogercresseyi copepods with udonellids (wlUd) used 
to infect each fish at the beginning of the interspecific dispersal experiment, total number of copepods for each fish (c. rogercresseyi + L. 
mugiloidis), total number of udonellids attached to the C. rogercresseyi copepods used to infect each fish, and number of L. mugiloidis with 
udonellids at the end of the experiment (wlUd). 
At the beginning of the experiment Number of 
Replicate Number of Number of 
(fish) L. mugiloidis w/oUd C. rogercresseyi wlUd 
1 285 41 
2 162 25 
3 72 8 
4 116 4 
5 22 5 
6 11 3 
7 13 6 
8 14 2 
9 12 2 
10 11 9 
11 7 11 
12 5 4 
13 13 12 
14 6 7 
15 10 7 
any L. mugiloidis copepods carrying udonellids at the end of the ex-
periment were assumed to have acquired them during the experiment 
from the C. rogercresseyi copepods. 
Data analysis 
In the intraspecific dispersal experiment, the dependent variables that 
were used to estimate udonellid dispersal between copepods included 
(1) the number of new cases of carrier copepods, calculated as the 
difference between the number of carrier copepods at the end and be-
ginning of the experiment (Table I); (2) the percentage of copepods 
classified as new cases, with respect to the initial number of copepods 
w/oUd (number of new cases of carrier copepods divided by the number 
of copepods w/oUd at the beginning of the experiment); and (3) the 
availability of copepods w/oUd (percentage of copepods w/oUd at the 
beginning of the experiment with respect to the total amount of cope-
pods [wlUd and w/oUd]). The independent variables that are considered 
to be relevant when explaining the variability of udonellid dispersal 
between 1 copepod species on a fish include the total number of udo-
nellids on the fish and the size of the copepod infrapopulation "at the 
beginning of the experiment (Bush et ai., 1997). 
In the interspecific dispersal experiment, the dependent variables used 
to estimate the udonellid dispersal between copepods included (1) the 
number of L. mugiloidis wlUd at the end of the experiment (Table II) 
and (2) the percentage of L. mugiloidis wlUd at the end of the experi-
ment with respect to the total number of L. mugiloidis added during the 
infection process of each fish. The independent variables that are con-
sidered to be relevant when explaining tbe variability of the udonellid 
dispersal between different copepod species on a fish were (1) the total 
number of udonellids added to each fish; (2) the total number of co-
pepods per fish (c. rogercresseyi plus L. mugiloidis); and (3) the per-
centage of C. rogercresseyi copepods wlUd at the beginning of the 
experiment with respect to the total number of copepods at the begin-
ning of the experiment (wlUd and w/oUd). Given that the total number 
of udonellids added to each fish was significantly correlated with the 
increased size of the copepod infrapopulation (F = 0.46, P = 0.03), 
separate regression analyses were performed for each dependent vari-
able by each independent variable. 
The ability to replicate each tank in terms of salinity and temperature 
was evaluated by comparing estimated averages for each tank from 
daily readings using analysis of variance. STATISTICA software was 
used to verify the assumptions of normality using the Kolmogorov-
Smirnov normality test (Sokal and Rolf, 1995). When adjustments were 
required, the log (x + 1) transformation was applied and, in the case 
Total number of Total number of L. mugiloidis wlUd at 
copepods per fish udonellids per fish the end of the experiment 
326 377 4 
187 410 40 
80 54 10 
120 116 22 
27 98 9 
14 174 3 
19 44 3 
16 33 0 
14 11 0 
20 980 7 
18 305 4 
9 67 4 
25 184 3 
13 303 3 
17 65 3 
of the proportions, the arcsine (V~'> was used. STATISTICA was also 
used to test the assumption of homogeneous variances (Sokal and Rolf, 
1995); MINITAB, another statistical software program, was used for all 
other statistical analyses. 
RESULTS 
Average daily salinity and temperatures during the experi-
ment did not differ statistically among tanks (28.3%0, n = 21, 
F = 0.11, P = 0.95; 17.2 C, n = 21, F = 0.07, P = 0.97, 
respectively). The average size and weight of each fish was 36.6 
cm (:!:2.32) and 322.9 g (::!:40.3), respectively. 
In the intraspecific dispersal experiments, all fishes were in-
fected with copepods. Nineteen of the 21 fishes had new cases 
of copepods carrying udonellids. This indicates that, in 19 of 
the 21 copepod infrapopulations, a greater number of udonellid 
carrier copepods were observed at the end of the experiment 
than were added to each fish at the beginning of the experiment. 
Only 2 of the newly infected copepods were male; the remain-
ing cases (96%) were all female. No new cases were observed 
in the 2 smallest infrapopulations (6 to 7 copepods per fish). 
The independent variable that best described the variation in 
the number of new cases per copepod infrapopulation was the 
total number of udonellids per fish as determined by linear re-
gression (R2 = 72.2, F = 52.88, P = 0.0001) (Fig. lA). A 
polynomial regression with the same independent variable 
squared was significant, but the resulting quadratic was not and, 
therefore, was discarded (F = 2.31; P = 0.14). The size of the 
copepod infrapopulation was a significant predictor for the pres-
ence of new cases (R2 = 61.6, F = 33.15, P = 0.0001) (Fig. 
IB), but copepod availability for colonization by udonellids was 
not a significant predictor. However, the availability of cope-
pods showed a positive and significant relationship with the size 
of the copepod infrapopulation (R2 = 46.4, F = 18.34, P = 
0.0001). 
The percentage of new udonellid carriers varied from 0 to 
100%. The percentage of new cases increased rapidly when the 
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FIGURE 1. Relationships between the number of new cases of co-
pepods with Udonella australis after the intraspecific dispersal experi-
ment (difference between the number of carrier copepods at the end 
and beginning of the experiment) and (A) the number of udonellids per 
fish added at the beginning of the experiment and (B) the number of 
copepods per fish at the beginning of the experiment. 
number of udonellids per fish fluctuated between 2 and 93, 
reaching 56.2% (Fig. 2A). However, for those cases in which 
the number of udonellids added to each fish fluctuated between 
545 and 934, the percentage of new cases increased with respect 
to the previous range, but remained relatively constant between 
93.35% and 100% (Fig. 2A). The variation in the percentage 
of new cases of udonellid carriers resulted in a pattern that 
could be explained by a hyperbolic model (y = [130X]/[131 + x]), 
where 130 = 112.39, 131 = 122.08, x = the number of udoneJIids 
per fish, and y = the percentage of new cases of udoneIlid 
carriers (R2 = 99) (Fig. 2A). The copepod infrapopulation size 
significantly explained the variation in the percentage of new 
cases (R2 = 22.3, F = 7.74, P = 0.018) (Fig. 2B). Both graphs 
in Figure 2 show the highest percentages of new cases of udo-
nellid carriers in the larger infrapopulations (2B), which con-
tained the highest abundances of udoneJIids (2A). 
In the interspecific dispersal experiments, all fishes were in-
fected successfully with both copepod species. The udonellid 
dispersal between C. rogercresseyi aRe L. mugiloidis individ-
uals occurred simultaneously on a fish when C. rogercresseyi 
contained udonellids. Udonellids were not observed in only 2 
of the 15 L. mugiloidis infrapopulations. The percentage of L. 
mugiloidis individuals in each of the infrapopulations that con-
tained udonellids at the end of the experiment fluctuated be-
tween 1.4% and 80%. The regression analysis indicated that the 
best predictors of new cases of udonellids on L. mugiloidis were 
the total abundance of copepods (L. mugiloidis and C. roger-
cresseyi) per fish (R2 = 34.3, F = 8.32, P = 0.01) and the total 
number of udonellids per fish (R2 = 23.7, F = 5.35, P = 0.03) 
(Fig. 3). 
The percentage of new cases in L. mugiloidis with respect to 
the total copepods on a given fish was only significant in re-
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FIGURE 2. Relationships between the percentage of new cases of 
copepods with Udonella australis after the intraspecific dispersal ex-
periment (number of new cases of carrier copepods divided by the num-
ber of copepods w/oUd at the beginning of the experiment) and (A) the 
number of udonellids per fish at the beginning of the experiment and 
(B) the number of copepods per fish at the beginning of the experiment. 
A shows the observed (e) and predicted (.) values from the hyperbolic 
model adjusted to the data. Rectangles indicate elevated levels of co-
pepod abundance and increased udonellid abundance. 
lationship to the percentage of C. rogercresseyi copepods 
w/Ud at the beginning of the experiment, considering the total 
number of copepods added to the fish at the beginning of the 
experiment (w/Ud and w/oUd) (R2 = 48.8, F = 14.35, P = 
0.002) (Fig. 4). 
DISCUSSION 
Species of Udonella constitute the only representatives of 
Monogenea that do not possess oncomiracidia larvae (Whit-
tington et aI., 2000), suggesting that their dispersal capacities 
may be substantially less than other Monogenea species. How-
ever, the large number of udonellids on host copepods (Kabata, 
1973; Minchin and Jackson, 1993; Marin et aI., 2002) may 
indicate that these worms have developed life cycle strategies 
and dispersal capacities to compensate for the absence of a free-
living larval stage. 
Other studies of Udonella species have focused on determin-
ing the distribution pattern of the 3 developmental stages on 
the body surface of host copepods (Schell, 1972) and establish-
ing their relative abundances (Kabata, 1973; Villalba, 1985; 
Minchin and Jackson, 1993). This information suggests differ-
ent dispersal mechanisms involved with reproduction, molting, 
contact between copepods, and host dispersal. However, there 
are no experimental evaluations that clarify or determine the 
relative importance of these mechanisms. Kabata (1973) indi-
cated that the dispersal of U. caligorum from copepod to co-
pepod occurs principally through direct physical contact be-
tween individuals on the surface of a host fish while the co-
pepods are moving. Another dispersal mechanism described U. 
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FIGURE 3. Relationships between the number of L. mugiloidis co-
pepods that carry udonellids after the interspecific dispersal experiment 
and (A) the number of copepods per fish (c. rogercresseyi + L. mu-
giloidis) at the beginning of the experiment and (B) the number of 
udonellids per fish at the beginning of the experiment. 
caligorum as occurring during the planktonic stage of the co-
pepods (Dawes, 1946). However, Villalba (1985) indicated that, 
because of successive molting during the free-living stage, it 
would be impossible for the copepods to maintain the udonellid. 
Kabata (1973) suggested that the size of the nauplius copepod 
stage (475 j-Lm X 167 j-Lm) is similar to the U. caligorum larvae 
at the moment of hatching (379 j-Lm X 117 j-Lm), making it 
impossible for the copepods to carry the udonellids. Free-living 
stages of these copepods need to swim to find their host, mak-
ing the dispersal process even more difficult. 
Our study establishes that udonellid dispersal between a sin-
gle copepod species occurs during physical contact between 
individuals of the same sex on the surface of a host fish while 
the copepods are moving. However, the frequency of this dis-
persal mode is low in relation to the dispersal that occurs during 
reproduction (96% of new udonellid carriers were female). This 
has been suggested by previous authors for other Udonella spe-
cies (Nichols, 1975; Minchin and Jackson, 1993; Aken'Ova and 
Lester, 1996) and also for nemertine £Rstrators (Wickham et al., 
1984). It is important to recognize that the data collected in this 
study represent the results of the dynamics of udonellid dis-
persal between copepods during the study period (20 days). 
Therefore, it is not possible to show the loss of udonellids from 
male carriers at the beginning or during the experiment, nor is 
it possible to show new colonizations of these copepods by 
udonellids. Minchin and Jackson (1993) described the simul-
taneous occurrence of U. caligorum on Caligus elongatus and 
Lepeophtheirus salmon is copepods on fishes at salmon farms. 
Results of the present study show that U. australis can colonize 
different copepod species coexisting on 1 fish, presumably be-
cause of physical contact while searching for food on the sur-
face of the host fish. Our results did not produce strong evi-
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FIGURE 4. Relationships between the percentage of L. mugiloidis 
individuals that have udonellids after the interspecific dispersal exper-
iment and percentage of C. rogercresseyi individuals that have udonel-
lids at the beginning of the experiment with respect to the total number 
of copepods added to each fish at the beginning of the experiment. 
dence to indicate that intraspecific dispersal is more important 
than interspecific dispersal on a given host since, in both cases, 
the percentage of new carrier copepods was high (Figs. 2, 4). 
Based On our results, U. australis dispersal can be classified 
as intraspecific, occurring between host copepods of the same 
species, and interspecific, occurring between host copepods of 
different species. In both cases, the dispersal occurs on a single 
fish; however, the mechanisms described in our study do not 
reflect the dispersal mechanisms involved in U. australis dis-
persal among fishes. Since adult host copepods of udonellids 
have the capacity to abandon 1 fish and colonize another, and 
since they can be found in the plankton (Minchin and Jackson, 
1993), it is conceivable that udonellid dispersal occurs among 
fishes when the copepods change hosts. 
The dispersal mechanisms described previously can be facil-
itated by certain conditions related to udonellid abundance on 
copepods and the abundance of copepods per fish. Intraspecific 
dispersal is greater when a larger number of copepods exist On 
a fish (Kabata, 1973). The present study shows that both the 
number and percentage of new cases of copepods carrying udo-
nellids increase along with the size of the copepod infrapopu-
lation. However, the dispersive capacities of udonellid popula-
tions are better explained by an increase in the total number of 
udonellids that exist on a fish at any given moment (Figs. 1, 
2). Additionally, it is possible to infer that all of the copepods 
that are on a host fish will eventually carry udonellids if the 
copepod infrapopulations are large (greater than 40 individuals) 
and the total udonellid abundance surpasses 550 individuals 
(Fig. 2). The interspecific dispersal of udonellids seems to be 
facilitated by an increased total abundance of copepods on the 
fish (c. rogercresseyi and L. mugiloidis) and the total abun-
dance of udonellids on the fish (Fig. 4). These conditions may 
increase the probability that carriers and noncarriers find one 
another, which would augment udonellid dispersaL Our statis-
tical analysis showed that the intraspecific udonellid dispersal 
is better explained by the number of udonellids per fish than 
by the size of the copepod infrapopulation. However, interspe-
cific dispersal is better explained by the number of copepods 
on a single fish (c. rogercresseyi and L. mugiloidis) than the 
number of udonellids per fish. This seems to reflect differences 
in the probability of encounters between copepods of the same 
or different species. Copepods of the same species encounter 
each other more frequently than copepods of different species 
due to mating. This suggests that the number of udonellids per 
fish is more important for udonellid dispersal than infrapopu-
lation abundance. Udonellid dispersal between copepods of dif-
ferent species seems to be restricted to events in which cope-
pods are in contact on the same fish, in which case the proba-
bility of encounters would increase along with the number of 
copepods per fish. 
In conclusion, the dispersal of U. australis between copepods 
occurs through both intraspecific and interspecific mechanisms. 
The main intraspecific dispersal mechanism of U. australis ap-
pears to be mating and, less importantly, occasional physical 
contact by individuals of the same sex. The capacity of udo-
nellid intraspecific dispersal is more dependent on the number 
of udonellids per fish than on the copepod infrapopulation. In-
terspecific dispersal occurs on a single fish, and the udonellid 
dispersal capacity is more dependent on the total number of 
copepods per fish than on the total abundance of udonellids per 
fish. 
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ACTIVITY PERIODS AND QUESTING BEHAVIOR OF THE SEABIRD TICK IXODES URIAE 
(ACARI: IXODIDAE) ON GULL ISLAND, NEWFOUNDLAND: THE ROLE OF 
PUFFIN CHICKS 
Sabir B. Muzaffar and Ian L. Jones 
Department of Biology, Memorial University of Newfoundland, 81. John's, Newfoundland, Canada A 1 B 3X9. e-mail: v35sbm@mun.ca 
ABSTRACT: Questing behavior of Ixodes uriae and their associated seasonal. host-feeding patterns are crucial to our understanding 
of tick life history strategies and the ecology of diseases that they transmit. Consequently, we quantified questing behavior of 
nymphs and adult female /. uriae ticks at Gull Island, a seabird colony in Newfoundland, Canada, to examine seasonal variation 
of off-host and on-host tick activity. We sampled a total of 133 adult Atlantic puffins (Fratercula arctica), 152 puffin chicks, 
and 145 herring gull (Larus argentatus) chicks for ticks during the breeding seasons of 2004 and 2005. Questing ticks were 
sampled by dragging a white flannel cloth across the grassy breeding areas during the mo of May, June, July, and August. Nymph 
questing activity reached a peak during mid-July (79 and 110 individualslhr in 2004 and 2005, respectively). The prevalence of 
nymphs and adult female ticks on different seabird hosts varied between years and during the seasons. Puffin chicks had the 
highest prevalence (above 70% in July) of nymphs in both years and this was correlated with questing activity. Female ticks 
rarely fed on puffin chicks, but were prevalent on adult puffins and gulls, although prevalence and questing of ticks were not 
correlated in these hosts. These patterns of off-host and on-host tick activity suggests that I. uriae ticks likely use a combination 
of questing and passive waiting, e.g., in puffin burrows, to detect hosts, depending on the tick stage and the host species. 
Ticks are ubiquitous parasites of seabirds in most breeding 
colonies (Clifford, 1979). Parasite infestations and related dis-
ease transmission are regarded as important costs of colonial 
living (Alexander, 1974); however, evidence for a role for par-
asites in modulating seabird reproductive success remains 
scarce (Coulson, 2001). A few studies have documented costs 
such as retarded chick growth rates, nest desertion, and repro-
ductive failure in some seabird species (Feare et aI., 1967; Duf-
fy, 1991; Morbey, 1996; Gauthier-Clerc et a!., 1998; Bergstrom 
et a!., 1999; Mangin et aI., 2003). However, some studies were 
unable to find any relationship between tick infestations and 
reproductive success or survival (e.g., Barton, 1996; Gauthier-
Clerc et aI., 2003). Ixodes uriae (Acari: Ixodidae) is perhaps 
the most widespread seabird tick, with a circumpolar distribu-
tion on both hemispheres (Clifford, 1979). The length of its life 
cycle ranges from 2 yr in the southern hemisphere (Murray and 
Vestjens, 1967) to 8 yr in the northern hemisphere (Eveleigh 
and Threlfall, 1974; Steele et a!., 1990; Barton et aI., 1996). 
The species is a generalist, feeding on more than 50 seabird 
species, apparently having a preference for common murres 
(Uria aalge) in the northern hemisphere (Eveleigh and Threl-
fall, 1974). A similarly high prevalence on black-legged kitti-
wakes (Rissa tridactyla), which are ecologically and behavior-
ally different from murres, illustrates the flexibility of T. uriae 
in host preference and a dependence on host availability (e.g., 
Mehl and Traavik, 1983; Danchin, 1992; Barton, 1996; McCoy 
and Tirard, 2002). Ixodes uriae may even 'specialize' on kit-
tiwakes within a colony, giving rise (0' genetically distinct local 
races (McCoy et aI., 1999). The prevalence and abundance of 
1. uriae on seabirds varies with species and geographic locality, 
and interest has risen in recent years because of its involvement 
in the maintenance of Borrelia garinii, 1 of the 3 genospecies 
of the spirochete recognized as the causative agent of Lyme 
disease (Olsen et a!., 1993, 1995; Muzaffar and Jones, 2004; 
Smith et a!., 2006). Several viruses (such as orbiviruses, ftavi-
viruses, and bunyaviruses) have been isolated from 1. uriae 
(Main et aI., 1973; Oprandy et aI., 1988; reviewed by Muzaffar 
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and Jones, 2004) and the ticks play an important role in the 
persistence of these microbes in nature (Oprandy et aI., 1988; 
Nunn et a!. 2006a, 2006b). 
Ixodes uriae has 3 active life stages, namely the larva, the 
nymph, and the sexually dimorphic adult stage (Eveleigh and 
Threlfall, 1974). There is a great deal of variation in the feeding 
preferences and timing of activity of the larvae, nymphs, and 
adults of 1. uriae (Eveleigh and Threlfall, 1974; Barton et a!., 
1996). Each stage requires a blood meal from a suitable host, 
which it acquires over a period of 5-8 days to transform into 
the subsequent stage (Eveleigh and Threlfall, 1974; Finney et 
aI., 1999). Adult males do not feed, but the females require a 
blood meal to successfully lay eggs. In the northern temperate 
latitudes, each life stage is believed to feed only once a year, 
because the short duration of summer and availability of seabird 
hosts restrict the tick activity periods to about 2 mo and the 
slow development rates prevent molting into the subsequent 
stages. Seasonal variation in the activity periods of different 
life stages and the availability of suitable seabird hosts together 
determine the successful completion of the life cycle. Questing 
behavior (the active search by ticks for a host) of ixodid ticks 
is crucial to locating a host and acquiring a blood meal. Because 
1. uriae is regarded as a nidicolous species, living in cracks in 
the rocks near nesting areas or in and around burrows of sea-
birds, questing behavior has not been quantified in most pre-
vious studies (e.g., Eveleigh and ThrelfaII, 1974; Steele et aI., 
1990; Barton, 1996; Barton et al., 1996) although it has been 
observed and reported in some studies (e.g., Mehl and Traavik, 
1983). Questing behavior of different tick stages is integral to 
understanding and modeling population dynamics of ticks. 
Questing behavior has been quantified in many nonnidicolous 
species (Rand et aI., 2003; Ogden et a!., 2005), but in relatively 
few nidicolous species (Sonenshine, 1991). Comparisons of on-
host and off-host abundance of ticks are also paramount to de-
termining the risk of tick-borne diseases (LoGiudice et a!., 
2003; Ogden et a!., 2005). To this end, we initiated a study of 
behavior of 1. uriae ticks at this major seabird colony in New-
foundland. The primary objectives of our study were to (1) 
quantify seasonal patterns of questing behavior of nymphs and 
adults, (2) quantify the infestation levels of nymphs and adults 
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FIGURE 1. Map of Newfoundland showing the location of Gull Island. 
on readily available seabird hosts, and (3) to assess the relative 
roles of different seabird species and ages (adults vs. chicks) in 
hosting different life stages of the tick. 
MATERIALS AND METHODS 
Study area 
This study was conducted at Gull Island (47°15'N, 52°46'W) located 
in southeastern Newfoundland, Canada (Fig. 1). Gull Island is 1 Clf 4 
islands in the Witless Bay Ecological Reserve and is about 5 km south-
east of the town of Witless Bay (Robertson et al., 2004). Gull Island is 
1.6 X 0.8 km in size and is forested, with balsam fir and black spruce 
being the dominant tree species. The periphery of the island is either 
grassy or rocky slopes. Narrow ledges and vertical cliffs surround most 
of the island, with particularly steep cliffs (maximum 69 m) occurring 
along the northeastern edge of the island. Gull Island hosts diverse 
seabird breeding colonies including Leach.:~ storm petrels (Oceanod-
roma leucorhoa) in most of the forested and forest-edge areas, with 
most recent population estimate being 350,000 breeding pairs (Sten-
house et al., 2000); about 1,600 pairs of common murres (restricted to 
cliff ledges); 4,300 pairs of black-legged kittiwakes (Robertson et al., 
2004), more than 2,600 breeding pairs of herring gulls (Larus argen-
tatus), and 88 pairs of great black-backed gulls (Larus marinus) (Rob-
ertson et al., 2001). Gull Island has the largest North American colony 
of Atlantic puffins (Fratercula arctica), estimated at about 140,000 
breeding pairs (Robertson et al., 2004), occurring on the gently sloping 
grassy habitat. Small numbers of razorbills (Alca torda) (about 300 
pairs), northern fulmars (Fulmarus glacialis) (about 6 pairs), and north-
ern ravens (Corvus corax) (several pairs) also occur on the island. 
Bird species and quantification of on-host ticks 
We sampled a total of 133 adult Atlantic puffins, 152 Atlantic puffin 
chicks, and 145 herring gull chicks during the breeding seasons of 2004 
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and 2005. Adult puffins were captured mostly using a large dip-net held 
in the flight path of birds. Chicks of both species were collected by 
hand from their breeding sites. Each bird was held briefly in a cotton 
bag, weighed, and measured, and then searched for ticks using palpation 
(Danchin, 1992), whereby the entire body surface was gently felt to 
sense the presence of biting ticks. This method was originally found to 
be very useful in assessing tick loads on black-legged kittiwake chicks 
(Danchin, 1992), and was deemed suitable for the assessment of Atlan-
tic puffin chicks. We recognize that the method may underestimate the 
number of ticks in adult birds, and that this measure would only provide 
an index of abundance rather than a total count of ticks (Choe and Kim, 
1987). Initially, palpation of adult Atlantic puffins showed that ticks 
could still be collected using a pair of forceps and gently pulling at the 
base of the hypostome of the feeding tick. Dislodged ticks that inad-
vertently detached and remained in the bird bag were also retained. 
Ticks were visually categorized as either nymph or adult female, based 
on size. Larvae, which are significantly smaller than nymphs, were not 
included in the analysis because of the difficulty of detecting most in-
dividuals on the bodies of live birds. 
Quantification of questing tick abundance and behavior 
Questing ticks were collected using a I-m2 white flannel flag (adapted 
from Falco and Fish, 1992) that was dragged along the puffin slopes 
between 1000 and 1300 hr between 1-8 times every 2 wk during the 
months of May, June, July, and August in 2004 and 2005. We attempted 
to collect at least 3 flags worth of samples per week to ensure that the 
peaks in questing activity were reflected in our samples (Daniels et al., 
2000). We were unable to flag for ticks at this rate for the entire sam-
pling period because of periodic bad weather; we attempted to sample 
at least once a week during these periods. We believe that this did not 
significantly change our estimates of questing activity because most of 
the bad weather occurred early or late in the season when tick activity 
was at a minimum. The number of nymphs and adult females were 
counted and removed from the flag using forceps and placed in vials 
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FIGURE 2. Variation in the abundance of (a) questing nymphs (2004), (b) questing females (2004), (c) questing nymphs (2005), and (d) 
questing females (2005) of Ixodes uriae in relation to their proportion on different hosts. (Herring gull chicks = grey squares; Atlantic puffin 
adults = white squares; Atlantic puffin chicks = black squares). 
for identification. The flag was dragged between 30-120 min, with an 
interval of 30 sec between tick checks. The frequency of tick occutrence 
was indexed quantitatively as the number of nymphs and adult females 
captured per hour of dragging (Falco and Fish, 1992; Rand et al., 2003). 
The relative seasonal abundance of questing ticks was then presented 
as the mean number of ticks captured per hour. 
Statistical analyses 
We used Quantitative Parasitology 2.0 software, specifically devel-
oped to account for aggregated parasite Md1stributions and allow distri-
bution-free statistical tests to compare parasite loads (Reiczigel and 
R6zsa, 2001). We quantified mean intensity (mean number of ticks per 
infected host), prevalence (proportion of hosts that were infected) and 
median intensity (most commonly occurring abundance of ticks per 
host) because no single measure of parasite 'load' is appropriate and a 
combination is recommended (R6zsa et aI., 2000). Confidence intervals 
(at 95% confidence level) for mean intensities were computed using 
bootstrap techniques with 2,000 replications (R6zsa et al., 2000). Exact 
confidence intervals (at 95% confidence level) were calculated for prev-
alence using the Clopper-Pearson method. Confidence intervals for me-
dian intensities were also calculated, with the exact confidence level 
being reported, rather than the desired level, because of the discrete 
nature of the data (R6zsa et al., 2000). Mean intensities of different 
hosts were compared using bootstrap t-tests, with P values generated 
from 2,000 replications (R6zsa et aI., 2000). Prevalence of ticks on 
different hosts was compared using Fisher's exact test, with the exact 
P value reported whenever possible. Median intensities were compared 
using Mood's median test. A ex level of 0.05 was used to determine 
significance in each case. Spearman's rank correlation (2-tailed) was 
used to examine associations between on-host and questing ticks. 
RESULTS 
Questing activity 
The questing of ticks in search of suitable hosts varied be-
tween the 2 yr of our study (Fig 2). First activity of tick nymphs 
was noted on 19 June 2004 compared to 18 May 2005 (Fig. 
2a, c). Nymph activity reached a peak (79 and 110 individuals/ 
hr in 2004 and 2005, respectively) at around mid-July in both 
years, although peaks of smaller magnitude occurred before and 
after the highest peak in 2004. Female ticks quested later in the 
season, compared to nymphs, starting at around late June and 
early July (Fig. 2b, d). Questing females did not reach the mas-
sive peaks observed in nymphs, with 12 and 21 individualslhr 
captured in 2004 and 2005, respectively. Questing of both 
nymphs and females ended by early August in both years. 
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TABLE I. Variation in the prevalence, mean intensity, and median intensity of Ixodes uriae nymphs and adult females on seabird hosts. c.l. 
indicates confidence interval. N.D. indicates confidence intervals that could not be computed because of low numbers of ticks. Values in parentheses 
indicate the exact confidence, in percentage, of the confidence interval of median intensity. 
Nymphs Puffin (adult) 
n 55 
Prevalence (%) l.8* 
C.I. 0.09-9.72 
Intensity (no.linfected host) 
C.l. N.D. 
Median (no.linfected host) 
C.l. N.D. 
Females 
n 55 
Prevalence (%) 7.3* 
c.l. 2.01-17.59 
Intensity (no.linfected host) 2.25 
C.1. l.00-2.75 
Median (no.linfected host) 2.5 
C.l. N.D. 
* Significantly different from adult puffins in 2005. 
t Significantly different from adult puffins in same year. 
:j: Significantly different from puffin chicks in same year. 
On-host ticks and questing 
2004 
Puffin (chick) 
42 
57.1 t 
40.96--72.28 
3 
2.21-4.29 
2 
1-4 (99.7%) 
42 
0 
0 
0 
0 
0 
0 
Nymphs and females feeding on hosts varied with time of 
year and between species (Fig. 2). Mean intensity, median in-
tensity, and prevalence of nymphs and female ticks, pooled over 
the entire field season, showed distinct patterns across host spe-
cies and host age (Table I). Mean intensity and median intensity 
of nymphs and ticks did not vary statistically in any of the 3 
host types (P -«: 0.05 in all cases of bootstrap t-tests and Mood's 
median tests; Table I). Nymphs were seen to feed opportunis-
tically on adult puffins and herring gull chicks during the early 
part of July (in both years) although this did not necessarily 
relate to tick questing (e.g., Fig. 2c). The prevalence of nymphs 
did not vary significantly on herring gull chicks between the 2 
yr (Fisher's exact test, P = 0.591; Fig. la, c; Table I). Nymph 
prevalence on herring gull chicks was significantly correlated 
with questing activity (Spearman's rank correlation, P < 0.01 
in both years). The prevalence of female ticks on herring gull 
chicks was also low, but was not significantly correlated with 
questing activity (P> 0.05 in both years). 
The prevalence of nymphs on adult puffins was significantly 
lower in 2004 (Fisher's exact test, P = (lOOl; Fig. 2a, c), where-
as intensity and median abundance did not vary (Table I). Adult 
puffins had a higher prevalence of female ticks in both years, 
but prevalence was significantly correlated with questing activ-
ity only in 2005 (Fig. 2c, d; Spearman's rank correlation, P < 
0.01). Similarly, increased abundance of questing nymphs was 
related to a significantly higher prevalence of nymphs on adult 
puffins only in 2005 (Spearman's rank correlation, P < 0.01), 
but not in 2004 (Table I; Fig. 2c; Spearman's rank correlation, 
P> 0.05). 
Puffin chicks showed the highest prevalence of nymphs in 
both years and this was well synchronized with the peak quest-
ing activity of nymphs (Fig. la, c; Table I; Spearman's rank 
correlation, P < 0.01 in both years). The prevalence of nymphs 
2005 
Gull (chick) Puffin (adult) Puffin (chick) Gull (chick) 
87 43 56 58 
12.6:1: 23.3 30.4 8.6:1: 
6.48-2l.50 1l.75-38.64 18.77-44.10 2.85-18.99 
3.91 2.1 2.41 l.8 
l.91-7.64 1.30-3.10 l.47-3.94 l.00-3.00 
2 l.5 2 
1-6 (96.7%) 1-4 (98.8%) 1-2 (99.3%) 1-4 (93.8%) 
87 43 56 58 
13.4 34.9 8.9 15.5 
7.33-22.86 2l.00-50.93 2.96--19.62 7.34-27.43 
l.42 l.8 1.4 1.78 
l.08-l.83 1.27-2.80 l.00-l.60 l.22-2.89 
1 
1-2 (99.7%) 1-2(98.2%) 1-2 (93.8%) 1-2 (97.9%) 
on puffin chicks did not vary between the years (Fisher's exact 
test, P < 0.05; Table I). Female ticks were not found on puffin 
chicks in 2004 and occurred in low prevalence (compared to 
nymphs) in 2005, although this was not correlated with questing 
(Spearman's rank correlation, P> 0.05). Prevalence of nymphs 
over the entire season was significantly higher in puffin chicks 
compared to adults in 2004 and herring gull chicks in both years 
(Table I). 
DISCUSSION 
The preferred host of 1. uriae is considered to be the common 
murre, although the tick species thrives on colonies of seabirds 
even when murres are absent (Eveleigh and Threlfall, 1974; 
Morbey, 1996; Muzaffar and Jones, 2004). Gull Island harbors 
substantially larger populations of both breeding Atlantic puf-
fins and herring gulls compared to common murres; however, 
ticks were extremely abundant on grassy slopes occupied by 
breeding puffins and gulls, and both of these seabird species 
were utilized extensively as hosts. 
Questing or host-seeking activity is an important aspect of 
tick biology and is crucial to our understanding of the epide-
miology of tick-borne diseases (Rand et al., 2003; Ogden et al., 
2005). Olfactory, thermal, tactile, and visual cues may all serve 
as stimuli for ticks to assist in seeking out and feeding on suit-
able hosts (Sonenshine, 1991). Questing strategies are broadly 
categorized as either 'active' or 'passive' and many tick species 
may use a combination of both strategies to find hosts (Balashov, 
1972; Sonenshine, 1991). Some nonnidicolous tick species 
climb onto vegetation and wait to grab onto passing hosts. Oth-
er species use the hunter technique whereby they actively crawl 
and run towards their hosts. Nidicolous species use cues that 
are similar to those used by nonnidicolous species, although the 
behavior and the extent to which they respond to such cues (or 
their combinations) vary among species (Sonenshine, 1991). 
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The exact questing strategy varies between species and in many 
cases between the different stages within a species (Sonenshine, 
1991). Ticks that actively quest for hosts go through periods of 
questing followed by inactivity (quiescence), which varies on a 
daily as well as a seasonal basis (Burkot et aI., 2001; Bown et 
al., 2003; Perret et al., 2003). 
Eveleigh and Threlfall (1974) established the life cycle of 1. 
uriae and quantified the abundance of larvae, nymphs, and 
adults in soil samples from Gull Island, Newfoundland. They 
measured the increase in the abundance of different tick stages 
from soil samples and equated this to 'activity,' although this 
did not differentiate between questing and inactive ticks in soil 
samples. Patterns of abundance were characterized by a marked 
peak of larvae and nymphs in early July, whereas adult males 
and females were generally lower in abundance relative to 
nymphs and larvae, and were most abundant late in the season 
(August) (Eveleigh and Threlfall, 1974). Barton (1996) reported 
earlier activity of I. uriae on the Isle of May (Scotland). He 
collected soil samples on a monthly basis over 2 yr and used 
the proportion of engorged ticks in a sample as an indication 
of activity. Ticks of all stages were found to be most active in 
the months of May and June. Our observed seasonal patterns 
of abundance of questing nymphs and adult females were sim-
ilar to the patterns of abundance observed by Eveleigh and 
Threlfall (1974). In both years, nymph questing activity peaked 
around mid-July, although the magnitude of the peaks was dif-
ferent in each year. Additionally, in 2004, there were peaks 
earlier and later in the season that were of lower magnitude. 
Such changes in tick activity patterns were likely weather-driv-
en, with fewer ticks being active in wet or cold conditions (Mu-
zaffar, 2003-2006, pers. obs.). In nonnidicolous species, the 
influence of environmental factors on feeding and host-seeking 
activities has been determined in many tick species. Harlan and 
Foster (1990) showed that questing activity (determined by drag 
sampling) of Dennacentor variabilis was significantly affected 
by ambient temperature, and to a lesser extent, by relative hu-
midity and vapor pressure. The variation in questing activity 
patterns in Ixodes scapularis and Amblyomma americanum 
were related to temperature and relative humidity, the former 
species being most active under conditions of low temperature 
and high relative humidity whereas the reverse was true for the 
latter species (Schulze et aI., 2001). Species such as Ixodes 
persulcatus and Ixodes ricinus were more active under condi-
tions of optimal temperature and relative humidity ranges char-
acteristic of each species (Balashov, 1972). In nidicolous spe-
cies such as Ixodes trianguliceps, temperature and other envi-
ronmental factors influence the de~~lopment of stages rather 
than questing (Randolph, 1975). 
Ixodes uriae ticks do not quest by climbing on to vegetation 
as do many other Ixodes species (Balashov, 1972; Eveleigh and 
Threlfall, 1974); many seabird colonies have limited vegetation, 
which limits such a strategy (Barton, 1996; Eveleigh and Threl-
fall, 1974). Visual cues could be a factor because the puffin 
slopes were typically covered in puffins on some days and her-
ring gulls had a great deal of activity on and around their nest 
sites. Most hard ticks, including species of eyeless Ixodes, have 
photoreceptors that aid in responding to shades of light (So-
nenshine, 1991, Fourie et al., 1993). Ixodes rubicundus ticks 
respond to variations in shadowing more than to carbon dioxide 
or host odors (Fourie et al., 1993), although the latter 2 cues 
are also very important (Balashov, 1972). Ixodes ricinus ticks 
use the onset of darkness as a cue to initiate questing, but ol-
factory cues (such as carbon dioxide gradients) are more im-
portant in host detection (Balashov, 1972; Perret et al., 2003). 
The relative importance of different cues that aid in host detec-
tion remains unclear in I. uriae and laboratory experiments are 
required to illuminate these behavioral attributes. 
Ixodes uriae ticks exhibited differential host preference. The 
prevalence of both nymphs and female ticks on herring gulls 
in relation to questing activity suggested no preference for this 
species as a host for the tick. Prevalence patterns of female 
ticks on adult puffins, in contrast, suggested that the ticks were 
likely preferentially feeding on adult puffins during the early 
part of the season, when the birds were still incubating their 
eggs. Because there was no clear relationship between questing 
activity of female ticks and prevalence on adult puffins (signif-
icant in 2004 but not 2005), it would seem likely that the feed-
ing was taking place without aggressive questing, i.e., ticks 
were passively waiting in burrows. Nymphs, however, did not 
feed preferentially on adult puffins because large numbers of 
questing nymphs in 2004 did not result in high prevalence on 
adult puffins. 
Prevalence of nymphs on puffin chicks suggested a prefer-
ence for these hosts. Eveleigh and Threlfall (1975) sampled 15 
puffin chicks and stated that puffin chicks were not important 
in the life cycle of 1. uriae because very few ticks were found 
on these chicks. Puffins are highly variable in the timing of 
hatching and we suggest that their chicks are important partic-
ularly when both nymphs and puffin chick abundance were syn-
chronized. High prevalence of nymphs on puffin chicks indi-
cated that other cues (such as olfactory) were likely responsible 
for helping nymphs detect, approach, and attach to these hosts 
in their natal burrows. The correlation between questing activity 
and prevalence on puffin chicks also suggested that the nymphs 
were using a more aggressive mode of questing. 
Clearly, a great deal of variation exists in the ecology and 
behavior of I. uriae ticks throughout their range. The role of 
ticks in various aspects of host ecology and the maintenance of 
diseases in seabird colonies remain unknown. Our study shows 
that questing behavior varies between nymph and adult female 
stages of I. uriae, thereby making different host species sus-
ceptible to infestations during different times of the breeding 
season. Additionally, different stages feed preferentially on dif-
ferent hosts. This particular aspect is of great ecological and 
epidemiological significance because the nymphs of other Ixo-
des species, e.g., I. scapularis, are very important as reservoirs 
of Borrelia burgdorferi, and feeding behavior of nymphs are 
critical in the perpetuation this pathogen. The recent documen-
tation of the presence of Borrelia garinii from ticks from puf-
fins in Gull Island (Smith et al., 2006) underscores the impor-
tance of our study. One important gap in our investigation is 
the questing activity of larvae of I. uriae, which would add 
greatly to our understanding of seabird-tick interactions. There-
fore, we urgently need more information on the behavior, ecol-
ogy, and host preference of all the different life stages of I. 
uriae to better evaluate and understand the impact of an emerg-
ing disease in the seabird colonies of the northwest Atlantic. 
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ASSOCIATIONS BETWEEN SHOREBIRD ABUNDANCE AND PARASITES IN THE SAND 
CRAB, EMERITA ANALOGA, ALONG THE CALIFORNIA COAST 
Nancy F. Smith 
Galbraith Marine Science Laboratory, Eckerd College, 4200 54th Avenue South, St. Petersburg, Florida, 33711. e-mail: smithnf@eckerd.edu 
ABSTRACT: I investigated spatial variation in the prevalence and abundance of 4 species of parasites in the sand crab, Emerita 
analoga, on 8 sandy beaches along 800 kIn of the California coast, to assess the importance of bird abundance for the distribution 
of parasites among sand crab populations. I collected sand crabs and counted shorebirds and gulls at each beach during June and 
November 1994. Sand crabs served as intermediate hosts for 4 species of parasites, including a trematode, Spelotrema nicolli 
(Cable and Hunnienen, 1938); an acanthocephalan, Polymorphus kenti (Van Cleave, 1947); a nematode, Proleptus sp., and an 
unidentified trypanorhynch tapeworm. Among sand crab populations, there was substantial spatial variation in the prevalence 
and abundance of each parasite species. No latitudinal pattern was apparent for any of the 4 species observed. Temporally, 
parasite prevalence and abundance was significantly different between dates for all 4 parasites. Specifically, sand crab populations 
experienced higher trematode, nematode, and trypanorhynch prevalence and abundance in November than in June. In contrast, 
prevalence and abundance of acanthocephalans were higher in June than in November. There were strong positive associations 
between bird abundance and prevalence of parasitic infection for trematodes and acanthocephalans for some dates but not for 
nematodes or trypanorhynchs, which use elasmobranchs as definitive hosts. The spatial variation in prevalence and abundance 
of trematodes and acanthocephalans observed among sand crab populations may be attributed to the distribution and abundance 
of shorebirds and gulls that serve as definitive hosts. 
Recruitment of parasites to intermediate host populations has 
been well documented to be variable in space and time (Martin, 
1955; Curtis and Hurd, 1983; Thompson, 1985; Sousa, 1990; 
Lafferty et al., 1994; Kube et al., 2002; Latham and Poulin, 
2003). These recruitment patterns are likely to reflect the dis-
tribution, abundance, and behavioral patterns of their definitive 
hosts, which are often mobile and thus can influence the dis-
persion of their associated parasites among intermediate host 
popUlations (Robson and Williams, 1970; Kuris, 1990; Williams 
and Esch, 1991; Esch et aI., 1997; Marcogliese et al., 2001; 
Smith, 2001; Latham and Poulin, 2003; Hechinger and Lafferty, 
2005). Because intermediate hosts are relatively sessile com-
pared with the high mobility of definitive hosts, such as birds, 
the distribution of parasites among intermediate hosts should be 
highly dependent on the movement of definitive hosts. Habitats 
visited frequently by definitive hosts are likely to receive par-
asites relatively more often (Kuris, 1990; Sousa, 1990; Kuris 
and Lafferty, 1994; Smith, 2001; Hechinger and Lafferty, 
2005); consequently, parasite prevalence or abundance in inter-
mediate host popUlations is likely to be higher in these fre-
quently visited habitats. 
The sand crab, Emerita analoga, is an excellent organism to 
investigate the influence of avian abundance (definitive hosts 
for some parasites) on the recruitment patterns of its parasites 
over a broad spatial scale for several reasons. First, sand crabs 
have a very wide geographic distribution and are found along 
the entire Pacific Coast of North and SQllth America from Alas-
ka to Chile (Efford, 1969; Jaramillo et al., 2000). This wide 
distribution may be a result of their long planktonic phase (Ef-
ford, 1970) as well as their continual movements in the sand 
with the shifting tides and waves (MacGinitie, 1938). Second, 
sand crabs are one of the most abundant macrofauna on sandy 
beaches, where they typically form dense aggregations in the 
wave-washed intertidal zone (Efford, 1965; Cubit, 1969; Dugan 
et aI., 2004). These aggregations allow sand crabs to be readily 
sampled in the field along their range. Third, sand crabs serve 
as intermediate hosts to a diverse assemblage of parasites 
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(Schlechte, 1969; Oliva et al., 1992), including a larval acan-
thocephalan (Polymorphus kenti Van Cleave, 1947), a larval 
trematode (Spelotrema nicolli Cable and Hunnienen, 1938), a 
larval nematode (Proleptus sp.), and a larval trypanorhynch 
tapeworm. Finally, the distribution of sand crabs directly over-
laps with the distribution of shorebirds and gulls on sandy 
beaches. These attributes make this system a valuable system 
to study the influence of definitive host distribution (for some 
parasites) on the spatial patterns of parasitism in intermediate 
host populations. 
Shorebirds and gulls serve as definitive hosts for the acan-
thocephalan P. kenti (Van Cleave, 1947; Reish, 1949), and the 
trematode S. nicolli (Cable and Hunnienen, 1938, 1940; Rankin, 
1940). Spelotrema nicolli infects the snail Olivella biplicata as 
its first intermediate host, and free-swimming cercariae pene-
trate and infect sand crabs as second intermediate hosts (Schle-
chte, 1969). The larval nematode Proleptus sp. completes its 
life cycle in elasmobranch fishes (Tantalean and Rodriguez, 
1987; Sanmartin-Duran et aI., 1989; Romera, 1993; George-
Nascimento et al., 1994), and the larval tapeworm (an uniden-
tified trypanorhynch) completes its life cycle in a shark or ray. 
The central goals of this study were to describe, for the first 
time, the spatial and temporal patterns of parasitism in sand 
crabs at several sites along the California coast, during 2 sea-
sons (summer and fall) and to study the relationship between 
bird .abundance (shorebirds and gulls) and parasite prevalence 
and abundance in sand crabs. Specifically, I predicted a positive 
association between bird abundance and acanthocephalan prev-
alence, because this parasite is directly transmitted between 
birds and sand crabs. I also predicted a positive association 
between bird abundance and trematodes, but this relationship 
may be more variable and less detectable than that for acantho-
cephalans, because variation in snail abundance and parasitism 
also may affect parasite recruitment to sand crabs. I expected 
no associations between bird abundance and the prevalence of 
nematodes and trypanorhynchs, because neither parasite uses a 
bird as a definitive host. 
I surveyed 8 populations of sand crabs from north of Bodega 
Bay to San Diego, California, and found significant spatial and 
temporal differences in the prevalence and abundance of para-
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sites. As predicted, I found a significant association between 
parasite prevalence and bird abundance for trematodes and 
acanthocephalans but not for nematodes and trypanorhynchs. 
MATERIALS AND METHODS 
Collecting localities 
I sampled sand crab populations along 800 Ian of the California coast 
from 8 sandy beaches (latitude given in parentheses): Salmon Creek 
State Beach (38.400 N), Sonoma Co.; Stinson State Beach (37.800 N), 
Marin Co.; Moss Landing State Beach (36.75°N), Monterey Co.; Surf 
Beach (34.65°N), Santa Barbara Co.; Gaviota State Beach (34.48°N), 
Santa Barbara Co.; Dos Pueblos Ranch (34.45°N), Santa Barbara Co.; 
Solimar State Beach (34.33~), Ventura Co.; and Oceanside Beach 
(33.28°N), San Diego Co. The first 4 beaches are located north, and the 
last 4 beaches are located south, of Pt. Conception, an important ocean-
ographic transition focus (Seapy and Littler, 1980). Point Conception 
has been shown to be an important biogeographic transition zone for 
E. analoga (Dugan et aI., 1991, 1994) and other invertebrate species. 
Selection of sampling locations along the California coast was based 
on accessibility, similarity in beach morphology (flat intertidal zone 
with a low beach face slope), and abundance of sand crabs reported 
from the literature (e.g., Dugan et al., 1994). Furthermore, sand crabs 
collected over this large geographic scale form a representative sample 
of different populations and their associated parasites. 
Sand crab population survey 
I collected sand crabs at each beach by hand and shovel in the swash 
zone to obtain a representative sample of the population at that partic-
ular locality. Crabs were collected during spring low tides in June and 
November 1994. An 800-m transect was established in the swash zone 
at beach parallel to the shoreline where visible aggregations of sand 
crabs occurred. One hundred crabs were collected from each beach with 
20 individuals collected every 200 m. Collections were conducted im-
mediately after shorebirds and gulls were surveyed (see Bird survey). 
However, during some surveys, sand crabs were often difficult to find; 
thus, at some localities, I could not obtain 100 crabs. Furthermore, I 
found no sand crabs at Oceanside Beach during the November census, 
which decreased the number of sites to 7. For both June and November 
surveys, crabs of carapace length of 10 to 25 mm were collected from 
each beach. This size class is usually present during both sample peri-
ods, allowing a seasonal comparison of parasite infections to be made. 
After sand crabs were collected, they were kept alive and maintained 
in mesh bags (1.5 mm) in running seawater at the Marine Science In-
stitute of the University of California, Santa.Barbara, until they were 
assayed for parasites. No estimates of host density (sand crab or snails) 
or abundance were made. 
For each crab, I measured the carapace length (millimeters) and re-
corded the presence or absence of parasitic infection. Parasitic infection 
was determined by removing the carapace and thoroughly examining 
the hemocoel and tissues for parasites under a stereo microscope. For 
infected sand crabs, I identified the parasite species according to Schle-
chte (1969) and counted the number of individual parasites. For acan-
thocephalan infections, cystacanths were placed in distilled water to 
evert their proboscides as a way of confip;ning species identification. 
I calculated the prevalence (proportion of infected hosts in each sam-
ple) and the mean abundance (mean number of individuals of a parasite 
species in a host population, including infected and uninfected hosts) 
(Margolis et al., 1982) of each parasite species, for each collection site 
and date. A 2-way analysis of variance (ANOVA) was used to test for 
the effect of site and date on parasite prevalence and abundance. Par-
asite prevalence was arcsine square-root transformed to normalize data. 
In addition, a correlation analysis was used to test for the association 
between latitude and parasite prevalence for each parasite species. 
Bird survey 
To test for the relationship between bird (shorebirds and gulls) abun-
dance and parasitism in sand crabs, birds were surveyed immediately 
before each sand crab collection on the outgoing low tide. Shorebirds 
and gulls were identified and counted along the same 800-m transect at 
each site by using binoculars. A correlation analysis tested for the as-
TABLE I. Two-way ANOVA on the effects of site and date on preva-
lence of acanthocephalan, trematode, nematode, and trypanorhynch in-
fections in the sand crab, Emerita analoga. . 
Source of variation df Type III SS F P 
Acanthocephalan 
Site 7 38.82 14.13 0.0001 
Date 1 26.69 73.10 0.0001 
Site x date 6 12.08 5.13 0.0001 
Error 1,258 493.65 
Trematode 
Site 7 155.58 53.63 0.0001 
Date 1 61.60 148.74 0.0001 
Site X date 6 34.89 14.04 0.0001 
Error 1,258 520.97 
Nematode 
Site 7 28.51 26.38 0.0001 
Date 1 3.84 24.85 0.0001 
Site X date 6 6.19 6.68 0.0001 
Error 1,258 194.23 
Trypanorhynch 
Site 7 12.47 5.13 0.0001 
Date 1 2.06 5.94 0.0150 
Site X date 6 3.10 1.49 0.1788 
Error 1,258 437.24 
sociation between bird abundance and parasite prevalence and abun-
dance and for the association between bird abundance and latitude. All 
statistical analyses were conducted using Statistical Analytical Software, 
version 8.0 (SAS Institute, Cary, North Carolina). 
RESULTS 
During the 2 sampling seasons, 1,272 sand crabs in total were 
collected and subsequently dissected for parasites. Trematode 
metacercariae (S. nicolli) were found in the hemocoel, typically 
aggregated in high numbers in association with the tubules of 
the digestive gland. Occasionally, a few metacercariae were 
found in the head region where they were associated with the 
connective tissue. Acanthocephalan larvae (acanthella, cysta-
canth) and the larval trypanorhynchs were found free in the 
hemocoel. Larval nematodes were found coiled in the hemocoel 
and thoracic muscles. 
Populations of E. analoga pooled across all sites and dates 
(n = 1,272) showed a significant positive correlation between 
carapace length and abundance of trematode metacercariae (r 
= 0.23, P < 0.001), larval acanthocephalans (r = 0.33, P < 
0.001), and larval nematodes (r = 0.08, P = 0.00) but not larval 
trypanorhynchs (r = 0.04, P = 0.18) (all parasites pooled, r = 
0.25, P < 0.001). Even with the restricted size range of sand 
crabs that were collected (10-25 mm), larger sand crabs tended 
to harbor more larval parasites than smaller conspecifics. 
Spatial and temporal patterns of parasitism 
The prevalences of acanthocephalans, trematodes, nema-
todes, and trypanorhynchs were significantly different among 
sites and dates (Table I; Fig. 1). For example, acanthocephalan 
prevalence was significantly higher in June than in November, 
but the pattern of parasitism was not similar across sites for 
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FIGURE 1. Prevalence (%) of acanthocephalans, trematodes, nema-
todes, and trypanorhynchs in sand crabs collected from 8 beaches in 
June (black bars) and November (open bars) 1994: SC, Salmon Creek 
State Beach (northernmost site); SB, Stinson State Beach; ML, Moss 
Landing State Beach; SF, Surf Beach; GB, Gaviota State Beach; DP, 
Dos Pueblos Ranch Beach; SR, Solimar State Beach; and OC, Ocean-
side Beach (southernmost site). No sand crabs were found in November 
at Oceanside Beach (*). 
both dates (Fig. 1), explaining the significant interaction term 
between site and date (Table I). In contrast, trematode preva-
lence was higher in November than in June for 5 of the sample 
sites. Similarly, nematode and trypanorhynch prevalence was 
higher in November than in June, with considerable spatial var-
iation (Fig. 1). 
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TABLE II. Two-way ANOV A on the effects of site and date on the 
abundance of acanthocephalans, trematodes, nematodes, and trypano-
rhynchs in the sand crab, Emerita analoga. 
Source of variation df Type III SS F P 
Acanthocephalan 
Site 7 189.45 31.71 0.0001 
Date 1 40.11 46.99 0.0001 
Site X date 6 22.42 4.38 0.0002 
Error 1,258 1,073.77 
Trematode 
Site 7 65,864.82 18.84 0.0001 
Date I 6,061.10 12.14 0.0005 
Site X date 6 44,843.06 14.97 0.0001 
Error 1,258 628,117.17 
Nematode 
Site 7 37.29 29.31 0.0001 
Date 1 1.37 7.55 0.0061 
Site X date 6 2.97 2.73 0.0123 
Error 1,258 228.63 
Trypanorhynch 
Site 7 22.71 2.03 0.0484 
Date 1 6.76 4.23 0.0399 
Site X date 6 22.03 2.30 0.0328 
Error 1,258 2,010.46 
There was also a significant difference in the mean abun-
dance of all 4 parasites among sites and dates (Table II; Fig. 
2). Acanthocephalan mean abundance was significantly higher 
in June and November, with sand crabs at Oceanside and Salm-
on Creek beaches harboring more larval acanthocephalans than 
at other sites. On average, sand crabs typically harbored <20 
trematode metacercariae per individual, with the exception of 
sand crabs collected from Solimar Beach in November, which 
had, on average, 52 cysts per individual. Mean abundance of 
larval nematodes and trypanorhynchs was relatively low, usu-
ally with < I parasite per host across all sites for both dates 
(Fig. 2). 
There was no association between latitude and prevalence of 
acanthocephalans (June: r = 0.35, n = 8, P = 0.40; November: 
r = 0.25, n = 7, P = 0.60), trematodes (June: r = 0.62, n = 
8, P = 0.10; November: r = 0.58, n = 7, P = 0.17), nematodes 
(June: r = -0.33, n = 8, P = 0.42; November: r = 0.00, n = 
7, P = 0.98), and trypanorhynchs (June: r = 0.03, n = 8, P = 
0.94; November: r = -0.75, n = 7, P = 0.06). 
Bird survey 
I counted 1,317 marine birds in total, including 10 species, 
at all sites during both census dates (Table III). Bird abundance 
was significantly different among sites (Kruskal-Wallis test, X2 
= 6.78, P < 0.05; Table III). Furthermore, when bird abundance 
was pooled over sites north of Pt. Conception and sites south 
of Pt. Conception, there were significantly more birds observed 
at the northern than the southern sites (X2 = 60.38, P = 0.000). 
Whereas bird abundance varied spatially and temporally, there 
was no variation in bird species richness, because either 4 or 5 
species were observed at each site. Bird abundance was signif-
icantly associated with latitude for June (r = 0.79, n = 8, P = 
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FIGURE 2. Mean abundance ± SE of acanthocephalans, trematodes, 
nematodes, and trypanorhynchs in sand crabs collected from 8 beaches 
in June (black bars) and November (opell.'bars) 1994. Collection local-
ities are coded as in Figure 1 and are arranged in decreasing latitude. 
Note the differences in scale for each graph. 
0.02) but not for November (r = 0.45, n = 7, P = 0.31). Tem-
porally, bird abundance was significantly higher in November 
than in June (Student's 2-tailed t-test, t = -4.28, P < 0.005). 
By species, the western gull, Larus occidentalis, was the most 
common bird observed for June and November (Table IV). Oth-
er common species observed during the bird census include the 
marbled godwit, Limosa fedoa; the willet, Catoptrophorus sem-
ipalmatus; and the sanderling, Calidris alba (Table IV). 
There was a strong positive association between bird abun-
TABLE III. Total count of shorebirds and gulls from 8 sandy beaches 
along the California coast in June and November 1994. 
Study site June November 
Salmon Creek State Beach (SC) 71 142 
Stinson State Beach (SB) 35 167 
Moss Landing State Beach (ML) 51 270 
Surf Beach (SF) 32 127 
Gaviota State Beach (GB) 3 69 
Dos Pueblos Ranch Beach (DP) 21 194 
Solimar State Beach (SR) 11 50 
Oceanside Beach (OC) 25 49 
Total bird count 249 1,068 
dance and acanthocephalan prevalence for November (r = 0.72, 
n = 7, P = 0.06) but not for June (r = 0.57, n = 8, P = 0.14; 
Fig. 3). Similar temporal patterns were observed for acantho-
cephalan abundance, with a significant correlation with bird 
abundance in November (r = 0.93, n = 7, P = 0.002) but not 
June (r = 0.25, n = 8, P = 0.56; Fig. 3). Infections with trem-
atodes exhibited the opposite pattern; there was a significant 
association between bird abundance and trematode prevalence 
for June (r = 0.70, n = 8, P = 0.05) but not for November (r 
= 0.52, n = 7, P = 0.23; Fig. 4). There was no association 
between bird abundance and trematode mean abundance for 
either date (June: r = 0.58, n = 8, P = 0.13; November: r = 
-0.53, n = 7, P = 0.22; Fig. 4). Interestingly, when sand crabs 
from Solimar State Beach were not included in the November 
correlation analysis (Fig. 4), the Pearson correlation coefficient 
(r) for trematode abundance increased from -0.53 to 0.67, but 
this second value also was not significant (n = 6, P = 0.14). 
For Proleptus sp., there was no significant association between 
bird abundance and parasite prevalence for June (r = -0.27, n 
= 8, P = 0.51) and November (r = 0.45, n = 7, P = 0.30) 
and between bird abundance and mean abundance for June (r 
= -0.25, n = 8, P = 0.54) and November (r = 0.03, n = 7, 
P = 0.94). As predicted, there was no association between bird 
abundance and prevalence and mean abundance of larval try-
panorhynchs in sand crab populations sampled in June (preva-
lence: r = 0.09, n = 8, P = 0.81; mean abundance: r = -0.30, 
n = 8, P = 0.46) and November (prevalence: r = -0.10, n = 
7, P = 0.83; mean abundance: r = -0.12, n = 7, P = 0.79). 
TABLE IV. Percentage of the total population represented by each spe-
cies of bird observed on sand beaches in June and November 1994. 
Bird June November 
Western gull, Larus occidentalis 44.9 40.2 
California gull, Larus califomicus 10.4 3.6 
Sanderling, Calidris alba 15.7 9.3 
Marbled gotwit, Limosa fedoa 14.9 30.0 
Willet, Catoptrophorus semipalmatus 13.2 11.8 
Curlew, Numenius americanus 0.0 1.4 
Snowy plover, Charadrius alexandrinus 0.0 0.6 
Cormorant, Phalacrocorax sp. 0.0 0.0 
Brown pelican, Pelecanus occidentalis 0.0 0.0 
Other shorebirds 0.8 3.0 
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FIGURE 3. Correlations with linear trend lines showing the relationship between abundance of birds (number per 800 m) and prevalence of 
larval acanthocephalans in sand crabs in June (A) and November (B), and correlations between bird abundance and mean acanthocephalan 
abundance in June (C) and November (D). 
DISCUSSION 
As predicted, there was a positive association between bird 
abundance and the prevalence of acanthocephalans (November 
only) and trematodes (June and November), and no association 
between bird abundance and prevalence of trypanorhynchs and 
nematodes in sand crabs. Furthermore, there was a significant 
posItIve association between bird abundance and the mean 
abundance of acanthocephalan larvae (November only). Acan-
thocephalans of the Polymorphidae parasitize a variety of 
aquatic birds all around the world (Van Cleave, 1947; Van 
Cleave and Rausch, 1951; Vizcaino, 1989; Ching, 1990; Dim-
itrova and Genov, 1992), and the distribution and abundance of 
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these birds may contribute to the distribution and abundance of 
acanthocephalans in sand crab populations. Many species of 
migratory shorebirds are relatively more abundant on the Cal-
ifornia coast during the winter and early spring than during 
other times of the year (Maron and Myers, 1985; Dodd and 
Colwell, 1996; Hubbard and Dugan, 2003), although gulls and 
some shorebirds remain on beaches year-round (Brown and 
McLachlan, 1990). Because sand crabs inhabit the same beach 
zone as the feeding area of shorebirds and gulls (Maron and 
Myers, 1985; N. Smith, pers. obs.), they are likely to become 
infected with larval acanthocephalans during the late fall and 
winter, and early spring, when shorebird abundance is relatively 
higher. This relationship could account for the relatively higher 
prevalence observed in June than in the fall. 
Because acanthocephalan life cycles involve only 2 hosts, 
infections in an intermediate host may reflect local habitat qual-
ity and structure (Sousa and Grosholz, 1991; Lafferty, 1997; 
Huspeni and Lafferty, 2004; Lafferty et aI., 2005) as well as 
trophic relationships (Marcogliese and Cone, 1997; Hudson et 
aI., 2006). During my collections, I observed gulls, e.g., L. oc-
cidentalis, feeding on food left behind by beach-goers. Of the 
8 study sites, Oceanside Beach had the highest human use (N. 
Smith, pers. obs.), with hundreds of people using the beach on 
any given day during the summer. The high abundance of gulls, 
representing 52 and 92% of the bird population for June and 
November, respectively, may explain the relatively high abun-
dance of larval acanthocephalans found in sand crabs collected 
from here. However, the abundance of shorebirds at the other 
sites, which have relatively low human use (N. Smith, pers. 
obs.), is likely to reflect avian foraging activity on natural prey. 
Prevalence of acanthocephalans in sand crabs also may be 
indirectly influenced by the proximity of coastal beaches to es-
tuaries. Salmon Creek Beach, for example, located <5 km north 
of Bodega Harbor, had many shorebirds (Table III). When the 
tide level in Bodega Harbor becomes too high for shorebirds to 
feed, they typically move to coastal beaches to forage (Conners 
et al., 1981). The proximity of Salmon Creek State Beach to 
Bodega Harbor probably accounts for the relatively high acan-
thocephalan prevalence and abundance in sand crabs observed 
at this beach. 
Polymorphus kenti also has been found in sand crab popu-
lations on the Oregon coast. Sand crabs collected from Coos 
Bay, Oregon, had very high abundances (G. Ruiz, pers. comm.), 
comparable with that of Oceanside Beach. The extensive geo-
graphic range of P. kenti is comparable with that of free-living 
organisms, e.g., sea urchins and barnacles, which have a long 
planktonic phase. The recruitment of many planktonic organ-
isms depends on oceanographic processes (currents, tides, and 
upwelling), which distribute and transport organisms to their 
settlement habitat (Shanks, 1983; Roughgarden et aI., 1988; 
Kingsford, 1990). Shorebirds and gulls can function in a man-
ner similar to such oceanic processes, distributing and trsms-
porting their parasites over considerable distances to a local 
host habitat (Smith, 2001). The large geographic range of P. 
kenti along the Pacific coast of North America is likely to be 
the result of the movement or migration of these marine birds 
(Kuris, 1990). 
Although visitation and distribution patterns of definitive 
hosts can create spatial and temporallr'ruiation in parasite prev-
alence and abundance in intermediate hosts over large geo-
graphic scales, they also can decrease variation in parasitism 
on smaller spatial scales. For example, definitive hosts that 
move within beaches distribute parasite eggs over this small 
area, which may decrease local-scale variation in parasite dis-
persion. Indeed, sanderlings and gulls were frequently observed 
running up and down the beaches, feeding on sand crabs with 
outgoing waves (N. Smith, pers. obs). In addition, other factors 
such as the movement of parasite eggs or larvae (Fingerut et 
al., 2003) and sand crabs with tides (MacGinitie, 1938) and 
local long shore currents (Dillery and Knapp, 1970) can ho-
mogenize parasite infections within a site. Adult sand crabs 
probably do not move between local beaches separated by sev-
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eral kilometers. Hence, infection patterns observed in interme-
diate hosts over large and small spatial scales may reflect dif-
ferent recruiting processes operating at these scales. 
Similarly, Latham and Poulin (2003) studied spatial and tem-
poral heterogeneity of larval acanthocephalans in popUlations 
of shore crabs in relation to the distribution of shorebirds in 
New Zealand. Although they found considerable spatial and 
seasonal variation in cystacanth infections in some crab species, 
they did not find a significant positive correlation between cys-
tacanth infection levels and avian abundance. In that system, 
abiotic factors, including tidal movements, water currents, and 
sediment size were suggested to play a potential role in trans-
mission of acanthocephalan eggs to prospective hosts (Latham 
and Poulin, 2003). Although abiotic factors were not quantified 
in this study, water temperature, water quality, and tidal and 
current movements can potentially influence host and parasite 
survival and transmission efficiency (Sousa and Grosholz, 
1991; Pietrock and Marcogliese, 2003). Furthermore, infections 
with cystacanths have been well known to affect host mortality 
and behavior by increasing the rate of predation on infected 
individuals (for review, see Thomas et al., 2005), thereby af-
fecting how parasites are distributed in host populations. 
Like P. kenti, the trematode S. nicolli, also exhibited a strik-
ing seasonal difference in prevalence and abundance among 
sand crab populations. The relatively higher prevalence in No-
vember than June is likely to be influenced by the distribution 
and prevalence of infection of the first intermediate host, O. 
biplicata. The seasonal infection patterns observed in sand crab 
populations suggest that snails also may have seasonal infection 
patterns. Schlechte (1969) found that the peak of trematode in-
fection in O. biplicata occurred from July to September, with 
prevalence reaching 60% of the snail popUlation. Cercariae re-
leased from infected snails can accumulate in sand crabs, lead-
ing to a relatively high prevalence during the summer and fall. 
New sand crab cohorts, which typically arrive during the sum-
mer and early fall (Dugan et al., 1994), may experience a pulse 
of infections with trematodes, because their arrival coincides 
with the peak of trematode infection in snails. Furthermore, the 
abundance of these snails at a particular beach is influenced by 
local physical conditions. Olivella biplicata prefers sheltered 
and protected beaches (Morris et aI., 1980). Thus, one might 
predict lower parasite prevalence and abundance in snail crab 
populations inhabiting intertidal zones with large and high-im-
pact waves. 
In conclusion, this study demonstrates positive correlations 
between bird abundance and prevalence of metacercariae and 
acanthocephalans in sand crab populations along the California 
coast. Furthermore, the number of cystacanths in sand crab pop-
ulations was significantly correlated with bird abundance in No-
vember; such a link is expected, because shorebirds and gulls 
are the source of parasite eggs, which infect sand crabs. Al-
though the bird surveys provide a snapshot of their habitat use 
at a given beach, repeated bird surveys in future studies could 
provide stronger associations than observed here. In contrast to 
the patterns observed with the acanthocephalans, the mean 
abundance of metacercariae in sand crab popUlations was not 
significantly correlated with avian abundance, suggesting that 
the distribution and abundance of first intermediate hosts may 
influence trematode recruitment to sand crabs, thereby weak-
ening the association between bird abundance and trematode 
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infection levels in sand crabs. Although the distribution and 
abundance of bird hosts may explain some of the variation in 
parasite dispersion in sand crabs, the role of abiotic factors and 
other species interactions on the spatial and temporal dynamics 
of parasite infections in intermediate host populations may be 
more important than realized. 
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PTERYGODERMATITES (PAUCIPECTINES) JAGERSKIOLDI 
(NEMATODA: RICTULARIIDAE) FROM GRACILINANUS AGILIS AND G. MICROTARSUS 
(MARSUPIALlA: DIDELPHIDAE) IN BRAZILIAN PANTANAL AND ATLANTIC FOREST BY 
LIGHT AND SCANNING ELECTRON MICROSCOPY 
Eduardo Lopes Torres, Arnaldo Maldonado Jr.*, and Reinalda Marisa Lanfredit 
Laborat6rio de Biologia de Helmintos Otto Wucherer, Instituto de Bioffsica Carlos Chagas Filho, Programa de Biologia Celular e Parasitologia, 
bl G. Universidade Federal do Rio de Janeiro, Ilha do Fundao, 21949-900 Rio de Janeiro, Rio de Janeiro, Brazil. e-mail..rey/anf@biof.ufrj.br 
ABSTRACT: Pterygodermatites (Paucipectines) jiigerskioldi Lent and Freitas, 1935, a parasitic nematode of the small intestine of 
the marsupial Gracilinanus agilis (Mammalia: Didelphidae) from the Pantanal of Mato Grosso do SuI state, and G. microtarsus 
from Atlantic Forest of Rio de Janeiro state, Brazil, were analyzed by light and scanning electron microscopy, Details of the 
surface topography such as the oral aperture, cephalic papillae, 2 papillae in posterior end, and longitudinal cuticular elements 
represented by combs and spines are presented along with measurements, adding new taxonomic characters to the previous 
diagnostic feature of P. (P,) jiigerskioldi based on light microscopy, In addition, two new hosts records and two new geographical 
distributions for this nematode are reported. 
The Pantanal and Atlantic Forest biomes exhibit great bio-
diversity. The richness of faunal and floral species that are still 
not well known invites studies that will promote the preserva-
tion of these biomes and generate the knowledge required to 
support a sustainable use of natural resources. The geographic 
distribution of Gracilinanus agilis (Marsupialia) includes Bra-
zil, Paraguay, northern Argentina, and Uruguay, through eastern 
Bolivia to Peru. Its habitat preference is the gallery forest of 
southern South America, but it has broad habitat tolerance. Gra-
cilinanus microtarsus is known only from southeastern Brazil 
and from Missiones province in Argentina. In the moist Atlantic 
forest in eastern Brazil, it is regularly caught on the ground as 
well as in trees, in both virgin and second growth forest (Ei-
senberg and Redford, 1999). 
Nematodes of the Rictulariidae Froelich, 1802, parasitize 
mainly rodents and carnivores, including marsupials and pri-
mates; a few species of rictulariids have been described from 
bats (Quentin, 1969). The criteria related to the systematics of 
Pterygodermatites spp. are mainly based on the oral capsule 
aperture, number of cuticular elements, number and location of 
papillae, and specificity for vertebrate host, which have lead to 
descriptions of different subgenera. However, several taxcmom-
ic features overlap, which makes species classification difficult 
(Tkach and Swiderski, 1996). Pterygodermatites (Paucipecti-
nes) jdgerskioldi was described by Lent and Freitas, 1935, from 
the small intestine of the marsupial Caluromys philander 
trapped in Rio de Janeiro, Brazil. Morphological aspects were 
not described in detail, and it has not been recorded since that 
time. In the present study, P. (P.) fli.'gerskioldi is analyzed by 
light and scanning electron microscopy, adding new taxonomic 
characters to the species. We also report new host records, en-
large its geographic range, and contribute to the inventory of 
the biodiversity among these parasites. 
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MATERIALS AND METHODS 
Study area 
Eleven G. agilis were trapped, killed, and then necropsied at Pantan-
al, Mato Grosso do SuI state, between July and August 2002. The study 
was carried out in the Rio Negro Farm (19°34'54"S, 56°14'62"W) sub-
region of Nhecolandia, Mato Grosso, Brazil. Local vegetation included 
semideciduous forest, interspersed with open grassy areas, and dense 
Negro River gallery forest. Four G. microtarsus were trapped, killed, 
and necropsied in the Atlantic Forest in Teres6polis (67°50'08"S, 
39°47'43"W), Rio de Janeiro state, Brazil, an area that includes ombro-
phylous dense forest. Animals were captured with Sherman and Tom-
ahawk live traps, baited with manioc mixed with peanut butter, banana, 
and bacon (D' Andrea et aI., 2000). 
Helminth examination 
The abdominal and thoracic cavities were opened, and the organs 
were placed separately in Petri dishes, washed twice in physiological 
saline, and dissected under a stereomicroscope to remove the small 
parasites. Collected worms were washed twice in saline to remove tissue 
debris and fixed in hot 2% glacial acetic acid, 3% formaldehyde, and 
95% ethanol. For light microscopy, 15 specimens were cleared in 80% 
phenol (70% ethanol and phenolic acid), mounted as temporary slides, 
and examined using a Zeiss standard 20 light microscope. The drawings 
for the morphometric analyses were made with the aid of a camera 
lucida. For scanning electron microscopy, 12 specimens were postfixed 
in 1% OS04 and 0.8% K3Fe(CN)6' dehydrated in graded ethanol (50-
100%), critical point dried in CO2 , mounted on stubs, coated with gold, 
and examined under a scanning electron microscope JEOL JSM- 5310 
(Mafra and Lanfredi, 1998). The measurements are given in millimeters 
(mm), except measurements of oral capsule; the means are followed by 
the range enclosed in parentheses. For parasitological analysis, the prev-
alence, intensity, and abundance of infection were calculated according 
to Bush et al. (1997). 
The type specimen of P. (P.) jiigerskioldi Lent and Freitas, 1935 
(=Rictularia jaegerskioldi) also was examined, from the Colec;:ao Hel-
mintol6gica do Instituto Oswaldo Cruz-Fundac;:ao Oswaldo Cruz, no. 
7780. The marsupial capture was authorized by the Instituto Brasileiro 
de Recursos Naturais Renovaveis and was performed according to bio-
security procedures. 
REDESCRIPTION 
Pterygodermatites (Paucipectines) jiigerskioldi 
(Figs. 1-14) 
General: Forty-one nematodes identified as P. (P.) jiigerskioldi were 
examined. Worms red, becoming white after fixation. Adult females (n 
II) from 26.40 to 48.02 mm in length and from 0.74 to 1.13 mm in 
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FIGURES 1- 3. Light microscopy of Prerygodermarires (Paucipecril/es) j Cigerski6ldi . ( I ) Anterior end showing oral capsule opening (asteri sk), 
crow of small teeth (thin arrow), and 3 esophageal teeth (arrow). (2) Region of tran ition of esophagus and intestine (double arrow) and vulva 
( fl at arrow). (3) Posterior end, showing the anus (empty arrow) and spines. Bar = 25 mm. 
width at mid-body; all grav id. Ora l capsule slightly dorsal , from 88 to 
109 .... m in length, from 75 to 8 1 .... m in w idth. Internal vel1lral wall of 
oral cavity from 87 to 100 .... m. External dimensions from basal level 
of oral capsule to ventral and dorsal mouth margins at level o f li plike 
structure from 100 to 89 .... m and from 65 to 76 .... m, respecti ve ly (Fig. 
I ). 
Internal margin of oral opening surrounded by crown of 16 small 
teeth of similar size. Three esophageal teeth at oral capsule base, 2 teeth 
sharpl y (pointed) and I tooth slightly rounded. Cuticular sheet covering 
esophageal teeth , pre ented zigzag margins at base of mouth capsule. 
Two subvel1lral rows of cuticular projections (comblike pines) run from 
anterior region, at esophagea l region to posterior end. These structures 
closely placed one to another, increased in size to)Vard mid-body and 
then became smaller, less developed and loosely placed toward posterior 
region of body. Esophagus from 4. 11 to 7.42 in length, ending at level 
of 36th to 4 1 t cuticular proj ections. Vul va opened at anterior region 
from 3.86 to 7. 14 from anterior extremity at level of 35-401h cuticular 
projections (Fig. 2). er ve ring located from 0.43 to 0.75 from apex, 
between 4th and 6th cuticular proj ections. Anus from 0.66 to 1.07 from 
posterior end (Fig. 3). 
M orphologica l analysis by scanning electron microscopy showed oral 
cavity slightly dorsal, prov ided w ilh a crown of mall teeth at internal 
margin . Oral opening ex ternally surrounded by 6 liplike lructures and 
4 cephalic papillae (Fig. 4). Excretory pore situated from 0.636 to 0 .936 
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FIGURES 4- 8. Scanning eleclron rnicroscopy of P. (P.) jiigerskiijldi. (4) Anlerior end show ing ora l opening surrounded by a crown of srnall 
teeth, cuticular heets inserted on 3 teeth (asterisks). 6 l iplike struc ture (stars). and cephalic papillae (thin arrow). Bar = 10 f.Lrn . (5) Anterior end 
showing a pair of longitudinal cUlicu lar elernel1ls well defined. vent ro laterally located (V ). Bar = 100 f.Lrn . (6) Anterior extrernity, ventral view 
showing excretory pore (Ep). (7) Different pallern of the cu ticu lar elernel1ls and the thick ness along Ihe body: vul va ( flat arrow). (8) Vulvar region 
showing changes o f cUlieular elernenls pallern (flat arrow). Bar = 100 f.Lrn . 
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FIGURES 9- 14. Scanning eleclTon microscopy of P. (P. ) jiigerskioldi. (9-11 ) Detail of morphologica l varielY of cUlicular elements. (9) First 
cuticular element. Bar = 5 fLm. (10) Fifty-eighth cuticular element. ( II ) Six ly-six lh cuticular element. (12) Vulva loca lized in body Ihickness 
transition region ( flal arrow). Bar = 10 fLm . ( 13) Body posterior end showing anus (large arrow). ad-anal spine (emply arrowhead) and lateral 
papilla (empty arrow). Bar = 100 fLm. ( 14) Detail o f lateral papilla. Bar = 5 fLm. 
from anterior extremity, between sixth and seventh cUlicular elements 
(Fig. 6) . Cuticular surface with tran verse striations along body. Ven-
trolateral surface with a pair of longitudinal rows of well -defi ned cll!ic-
ular elements (Fig. 5), in anterior region just posterior cephalic region 
to posterior end. These cuticular projections show different patlerns 
along body, with a comblike SU'UClllre at anlerior region and gradually 
acqu iring a spine hape (Figs. 9- 1 I ), becoming . par 'ely disu'ibuted at 
posterior region (Figs. 7, 8). The lotal number spinelike cuticular ele-
ments is 80 pairs, with 36-40th pairs prevulvar comblike cuticular pro-
jections (Figs. 5,7,9). Vulva opened at anterior region, al level 35 th-
40th cuticular projections (Fig. 12). Rows qt~cuticular elements end in 
a pair of ad-anal spines (Fig. 13); pair of lalera l papillae present pos-
terior to anus (Figs. 13, 14). Caudal end conica l and slightly benl ven-
tra lly (Fig. 13). 
Taxonomic summary 
Type host: Didelphis philallder Linnaeus. 1758 (synonym: Call/romys 
philallder L.). 
Other hosts: Gracilillan l/s agilis Burmeister. 1854 (M arsupial ia: Di-
delphidae); GracilinallLls lIIicrotarsLiS Wagner. 1842 (Marsupialia: Di-
delphidae). 
Site of injection: Small intestine. 
Type locality: Rio de Janeiro state, Brazil. 
Other localities: Rio egro Farm ( 19°34'54"S, 56° 14'62"W ). he-
colandia Subregion, Pantanal , M ato ros 0 do Sui state, Brazil , and 
Parque Nacional da Serra dos Orgaos (67°50'08"S, 39°47'43"W ). Tere-
6polis, Rio de Janeiro state, Brazil. 
Prevalellce: G. agilis: 54.591 (6 positive of I I co llected) . 
III/ell sity of illf ectioll: G. agilis: 6.83 :t 2.88. 
Type specimells: Five paralypes spec iemens were deposited at the 
Colec;:ao Helminto logica do Instituto Oswaldo Cruz, Fundac;:iio Oswa ldo 
Cruz: nematodes collected from G. agilis H 10 no. 354 15. 
DISCUSSION 
On analysis of the current literature for Rictularidae, it is 
surprising the number of spec ies that have been described are 
based on ly on female worms. Such de cripti ons are probably 
common because the principal taxonomic characters of these 
nematodes, i .e., the number of cuticular elements (spines), their 
shapes, the structure and position of the oral capsule, length of 
the body in relationship to the length of the esophagus, location 
of the genital pore, and the host specifici ty (Quentin, 1969) , are 
so well defi ned in the female worms. 
Plerygodermaliles (P.) j Cigerskiij/di also was described ba ed 
on II fema le specimens and no males. This spec ies was for-
merly des ignated as Rielu/aria jaegerskio/di, parasitizing C. 
phi/allder captured in Rio de Janeiro state, Brazil. Quentin 
( 1969) reviewed the Rictul ariidae and reorgani zed the species 
prev iously described in 2 genera, i .e., Rielu/aria Fro lich, 1802 
and Prerygodermaliles (Wed l, 186 1). The latter genu has as its 
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main diagnostic characters the apical opening of the oral cap-
sule, 3 esophageal teeth, and between 29 and 58 equal-sized 
prevulvar cuticular elements. In addition, he recognized 5 sub-
genera of Pterygodermatites (Paucipectines, Neopaucipectines, 
Mesopectines, and Multipectines) based on differences in the 
oral capsule aperture, esophageal teeth, cloacal papillae, pre-
vulvar elements, and host specificity. Consequently, Quentin 
(1969) renamed the nematode herein studied as P. (P.) jiiger-
skioldi. 
The subgenus Paucipectines was considered the most prim-
itive evolutionary line based on its apical oral aperture and host 
specificity (Quentin et al., 1976). According to these authors, 
Pterygodermatites originated in the Paleartic region and 
reached the Neotropics region after colonizing Microtidae, 
Sciuridae, Muridae, Gliridae, and Cheiropteres hosts in North 
America. However, Paucipectines was not restricted to rodents; 
it also was found to infect several species of marsupials in the 
Neotropical region, including P. (P.) jiigerskiOldi in G. agilis 
and G. microtarsus in the present study and Didelphis philander 
(Lent and Freitas, 1969). In addition, (Navone (1992) described 
Pterygodermatites (Paucipectines) spinicaudatis from Dromi-
ciops australis in Argentina and considered Quentius kozeki 
(Chabout and Bain, 1981) as Pterygodermatites (Paucipectines) 
kozeki infecting Marmosa sp., Thylamys pusillus, Didelphis al-
biventris, and Lestodelphis hal/i. However, (Navone (1992) did 
not mention Pterygodermatites elegans Travassos, 1928, which 
was originally described as parasitizing the bat Chiropteres sp. 
(Travassos, 1928). In our opinion, this species also should be 
included in the subgenus Paucipectines, because it also presents 
compatible morphological characters with other species in the 
taxon. 
Currently, 14 species in subgenus Paucipectines are known: 
4 species are described as parasites of 7 marsupial species (Lent 
and Freitas, 1935; Chabout and Bain, 1981; Navone, 1989, 
1992), 1 species from a bat (Travassos, 1992), and 3 species 
from edentata species (Navone and Lombardero, 1980; Navone, 
1987). Only 3 species were specific for rodent hosts (Sutton, 
1979, 1980), suggesting a low specificity for this subgenus for 
host species and contradicting the suggestion of Quentin (1969) 
that Paucipectines was a specific parasite of rodents. This ob-
servation also raises questions regarding the transfer of the sub-
genus Paucipectines from rodent to marsupial hosts. It can be 
postulated that the rodent helminth species branch lost its host 
specificity in the process of speciation to marsupial hosts, be-
cause species found in marsupials are able to infect more than 
1 marsupial species (Navone, 1992; present study). Further-
more, based on the absence of Pte,.rJ!godermatites species in 
Australian marsupials until now, we are in agreement with (Na-
vone (1992) that the most probable process of introduction of 
the subgenus Paucipectines into the Neotropics was via Canada 
and Siberia. All 40 specimens collected in the present study 
were females, including 1 juvenile and 39 adults. This pattern 
also was recorded for other Pterygodermatites spp., with sev-
eral species described based on females alone (Lent and Freitas, 
1935). It is likely that male worms must have very short life 
spans and fertilize females as soon as they reach the adult stage, 
followed by their death and elimination from the intestinal lu-
men of the host immediately afterward. The possibility of par-
thenogenetic reproduction by this species can be disregarded, 
because females possess a great quantity of eggs, a pattern not 
usually observed in parthenogenetic species. 
Despite Lent and Freitas (1935) having described the oral 
capsule with a slightly quadrangular aspect, we have demon-
strated here that the ventral wall is longer than the dorsal wall, 
and trapezoidal in shape. The opening of the oral capsule is 
dorsally oriented, because the ventral side of the body at the 
anterior end is longer than the dorsal side, thereby projecting 
the ventral lip dorsally. 
The specific morphological characters used by Lent and Frei-
tas (1935) in the original description of this species by light 
microscopy were corroborated in the present study. The present 
study added several other characters, such as the excretory pore 
and the accurate number of liplike structures (n = 6); a pair of 
caudal spines previously described by Lent and Freitas (1935) 
are in fact a pair of caudal papillae. In addition, we recovered 
P. (P.) jiigerskioldi from 2 host species, Le., G. microtarsus, 
captured at the same locality as for the original description 
(Lent and Freitas, 1935); and G. agilis, from a very different 
environment, the Pantanal, in the west central Brazil, thereby 
adding 2 new marsupial host and geographic records. 
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EXPERIMENTAL TEST FOR PREMUNITION IN A LIZARD MALARIA PARASITE 
(PLASMODIUM MEXICANUM) 
Anne M. Vardo, Kimberly D. Kaufhold, and Jos. J. Schall 
Department of Biology, University of Vermont, Burlington, Vermont 05405. e-mail: anne. vardo@uvm.edu 
ABSTRACT: Premunition in Plasmodium spp. is the prevention of superinfection by novel genotypes entering an already estab-
lished infection in a vertebrate host. Evidence for premunition was sought for the lizard malaria parasite, P, mexicanum, in its 
natural host, the fence lizard, Sceloporus occidentalis. Clonal diversity (= alleles for the haploid parasite) was determined with 
the use of 3 microsatellite markers. Both naturally infected lizards (N = 25) and previously noninfected lizards (N = 78) were 
inoculated intraperitoneally (IP) with blood from donor infections and followed over a 3-mo period. Compared to the success of 
clonal establishment in all the naive lizards (78/78 successful), clones entering preexisting infections had a significant disadvantage 
(9/25 successful). The number of preexisting clones (1-2 vs. 3-4) within recipient infections had no effect on the success of 
superinfection. Infections that excluded entering novel clones did not have higher initial asexual parasitemia, but had a higher 
initial density of gametocytes, suggesting they were older. Infections allowing superinfection experienced a higher final parasit-
emia. 
Parasites could reduce the cost of intraspecific competition 
within a host by excluding entry of additional conspecific par-
asite larvae (helminths) or genotypes/clones (protists). This pro-
cess may be an adaptive manipulation of the host's immune 
response, or simply an incidental byproduct of normal host im-
mune function (Brown and Grenfell, 2001). The effect is best 
known in the concomitant immunity of Schistosoma spp. infec-
tions (Smithers and Terry, 1967; Brown and Grenfell, 2001), 
but also seems likely in other helminths, such as filarial worms 
(MacDonald et al., 2002), and species of the protists, Leish-
mania (Anderson et al., 2005), Toxoplasma (Cesbron-Delauw 
et al., 1989), and Plasmodium (Smith et aI., 1999). 
In the case of Plasmodium spp., the blocking of superinfec-
tion by genotypes that are novel to a chronic infection is a more 
limited version of concomitant immunity and is termed pre-
munition (Sergent and Parrott, 1935). Premunition has now 
been detected in an experimental study of the rodent parasite, 
P. chabaudi, in a mouse model system (de Roode et aI., 2005) 
such that clones entering a mouse first have a competitive ad-
vantage over those arriving later in the experimental manipu-
lations. The experimental protocol introduced parasites via in-
fected blood into the host's circulation, indicating P. chabaudi 
premunition is, at least in part, a result of immune syst~m re-
sponse against blood stages (an additional response could attack 
incoming sporozoites or the forms in the liver). Chronic infec-
tions of P. relictum, with very low-level parasitemia, are also 
refractory to challenge with a novel strain even years after es-
tablishment of the original experimental infection, suggesting 
premunition is occurring for avian malaria parasites (Atkinson 
et al., 2001). • I 
No studies have sought evidence for premunition in the ma-
laria parasites of reptiles (approximately half the known Plas-
modium species infect lizard hosts; Schall, 1996). Until recent-
ly, studies on the genetic diversity of reptile malaria parasites 
have not been possible because of the lack of known variable 
genetic markers to score clonal identity. Here, we test for pre-
munition in the lizard malaria parasite, P. mexicanum, using 
recently described variable micro satellite markers for this par-
asite (Schall and Vardo, 2006). Identifying these markers al-
Received 19 July 2006; revised 31 October 2006; accepted 31 October 
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lowed us to introduce novel genotypes of parasites into estab-
lished, natural infections of P. mexicanum. 
MATERIALS AND METHODS 
We conducted the study at the University of California Hopland Re-
search and Extension Center, near the town of Hopland in Mendocino 
County, California. Since 1978, a long-term study at the Hopland site 
has examined the biology of P. mexicanum and its hosts, the western 
fence lizard, Sceloporus occidentalis, and the sandfly vectors, Lutzomyia 
vexator and L. stewardi (Schall and Marghoob, 1995; Schall, 1996, 
2002). 
Lizards were collected by noosing, and a drop of blood was taken 
from each animal to make a thin blood smear for staining with Giemsa. 
Another drop of blood was dried on filter paper for later genetic studies. 
We scanned the blood smears and selected naturally infected lizards for 
use in the experiments. We determined parasitemia in these infections 
by counting the number of asexual cells (trophozoites and schizonts) 
and gametocytes in 1,000 erythrocytes, taking care to count cells and 
parasites from areas throughout the smear. The clonal diversity and 
identity of clones for all naturally infected lizards in the study were 
scored with the use of 3 microsatellite markers (Pmx306, 732, and 747; 
Schall and Vardo, 2006). DNA from a dried blood sample was extracted 
with the use of the DNeasy kit (Qiagen, Valencia, California), and the 
3 loci amplified by PCR with the use of 1 florescent labeled primer for 
each locus. Primers and PCR conditions are given in Schall and Vardo 
(2006). Fragment sizes (alleles) were detected with an ABI 3130xl Ge-
netic Analyzer and scored with the use of GeneMapper v3.7 software 
(ABI). 
We collected male S. occidentalis not infected with P. mexicanum (N 
= 78) from areas of the field site where the parasite has been absent in 
the lizards throughout the long-term study (Schall and Marghoob, 1995; 
J. Schall, unpubi. obs.). Infections so weak that parasites are not seen 
during a 6 min scan of a smear are rare at Hopland (Perkins et al., 
1998). However, we confirmed that these lizards were not infected by 
using a PCR-based method that can detect extremely low parasitemia 
infections (Vardo et aI., 2005). Each noninfected lizard received an in-
oculation of infected whole blood IP containing approximately 200 X 
103 parasites in 0.02 ml of bloodlPBS (Osgood and Schall, 2003). Five 
infected donor lizards chosen as a source of blood for these inoculations 
harbored 1-3 clones (alleles) of parasites (alleles varied among both 
loci and donors). 
A second group of naturally infected lizards was chosen to be ex-
perimental recipients (N = 25) and donors (N = 3). The 3 donors for 
these inoculations contained infections with 1, 1, and 3 clones over all 
loci. 
Donor lizards were assigned to experimental lizards depending upon 
multilocus genotypes, with each donor having at least 1 unique allele 
compared to its recipient lizard. The experimental naturally infected 
lizards were inoculated in the same manner as the noninfected lizards, 
with approximately 200 X 103 asexual parasites in 0.02 ml bloodlPBS 
injected IP into each infected recipient. Differing alleles in donor and 
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FIGURE 1. Transmission success of genotypes (clones) of Plasmodium 
mexicanum resulting from experimental inoculation of whole blood 
from infected fence lizards, Sceloporus occidentalis, into previously 
noninfected lizards. Infections within the 5 donor lizards were geno-
typed for 3 microsatellite loci, and contained from 1 to 6 alleles (de-
pending on infection and locus). The proportion of entering clones that 
became established (averaged over all loci) in 78 previously noninfected 
lizards is presented. 
recipient lizards allowed us to determine if the challenging clones be-
came established. 
After inoculation, all recipient lizards were maintained in large out-
door cages, and fed daily with mealworms and crickets. Blood to make 
blood smears and dried blood dots for later genotyping were made every 
10 days from toe clips. All collecting and experimental procedures fol-
lowed a protocol approved by the University of Vermont Animal Care 
and Use Committee. 
RESULTS 
All 78 noninfected lizards that were inoculated with infected 
blood became infected after I mo (determined by examination 
of blood smears). Donors with single-clone infections (at all 
loci) established infections in all recipients and most clones in 
multiclone donor blood were also successful in becoming es-
tablished in the recipients (Fig. 1). In contrast, transmission was 
successful for only 9 of 25 natural infections that were chal-
lenged with entry of novel genetic clones. Thus, transmission 
was far more likely to be successful if the lizard was not already 
infected with P. mexicanum (X2 = 59.1, P < 0.0001). Recipients 
already infected with 1 or 2 clones (across all 3 loci) were 
compared with those with 3-4 clones; we found no difference 
in the ability of challenging novel cl~nes to become infected 
(4/13 for recipients with 1 or 2 preexisting clones; 5/12 for 
recipients with 3-4 preexisting clones: Fisher exact test, P = 
0.688). 
Although the results suggest that novel clones are indeed 
prevented from establishment in already infected lizards, the 
outcome could also be the result of donor effects. That is, some 
infections (donors) may simply be poor at becoming established 
in any lizard. Two donors containing a single parasite clone 
were successful at establishing the parasite in noninfected liz-
ards (16/16). Success of donors with a single clone to establish 
in already infected lizards was only 8/18 (X2 = 12.6, P = 
0.0004). For donors harboring 2 clones, establishment was suc-
cessful in 15/15 noninfected lizards (with both clones becoming 
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established in 12/15 recipients), but only 117 infected recipients, 
with only 1 of the clones becoming established in that single 
successful transfer (X2 = 9.673, P = 0.0019). Thus, transmis-
sion was successful into noninfected lizards for all donor in-
fections, and transmission was poor for all donors used to sup-
ply blood for the naturally infected recipients. 
Comparison of parasitemia of preexisting infections prior to 
introduction of the novel clones revealed no difference in num-
bers of asexual stages (trophozoites and schizonts) per 1,000 
erythrocytes for successful and failed introductions (V-test, P 
> 0.05). However, the initial number of gametocytes and pro-
portion of gametocytes among all parasites was greater for 
those recipients in which the introduced clones failed to become 
established than for the recipients that accepted the introduced 
clones. For introductions that failed, the initial range of game-
tocyte density was 0-12/1,000 RBC and 17-75% gametocytes, 
and for introductions that succeeded, gametocyte density ranged 
from 0 to 5/1,000 RBC and from 0% to 42% gametocytes (V-
test for gametocyte parasitemia, P = 0.0012, and proportion of 
gametocytes, P = 0.0002). Final parasitemia was also lower for 
infections in which the novel clones failed to become estab-
lished (median = 5, range = 1-16/1,000 RBC) versus those 
with successful establishment of the introduced clones (median 
12, range = 5-244/1,000 RBC) (V-test, P = 0.022). 
DISCUSSION 
The hypothesis of premunition in Plasmodium spp. infections 
proposes that established infections in the vertebrate host will 
hinder or exclude newly arriving novel genotypes, and geneti-
cally complex infections (multiclonal) would be more effective 
at hindering incoming genotypes than single-clone infections 
(Sergent and Parrott, 1935; Smith et al., 1999; de Roode et al., 
2005). 
We found that transmission by inoculation of whole infected 
blood into noninfected lizards was highly successful in estab-
lishing infection (all of 78 recipients became infected). When 
the donor infection was multiclonal, most clones became estab-
lished in the recipients. However, already established infections 
were successful in limiting transmission of novel incoming 
clones, with approximately two-thirds resisting establishment of 
novel parasite genotype. Our results differ from previous pro-
posals, though, because 1-2 clone infections were just as effi-
cient in hindering the incoming clones as genetically more com-
plex infections. 
T):1e natural infections we used had an unknown history prior 
to use in the experiment. The density of asexual-state parasites 
in the blood prior to the manipulation was not related to the 
success of incoming clones. However, infections with higher 
numbers and proportions of gametocytes were less likely to 
allow establishment of experimentally introduced novel clones. 
We suspect that these infections may have been older, because 
in both natural infections followed over time (Bromwich and 
Schall, 1986) and experimentally induced infections (Eisen and 
Schall, 2000) proportion of gametocytes in P. mexicanum in-
fections generally increases with the duration of the infection. 
Older infections may have had more time to induce a lasting 
immune response from the host, which may, in tum, limit the 
success of newly arrived parasites. At the end of the experi-
ment, the parasitemia of infections in which introduced clones 
• 
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became established was greater than the resistant infections, 
similar to the increase in asexual replication noted for human 
malaria infections (Smith et al., 1999). It was not possible to 
determine if the overall higher rate of increase of the infections 
with established new clones was a result simply of the sum of 
all clones or if there were changes in the reproductive strategy 
of the genetically more complex infections. 
The present study and that of de Roode et al. (2005) dem-
onstrate that premunition in Plasmodium spp. is a result, at least 
in part, of processes taking place in the blood circulation, and 
some interference with the blood stages of the parasite. This 
effect most likely involves the host immune response and, if 
so, the P. mexicanum experiment provides rare evidence that 
reptiles mount an immune response to infection with malaria 
parasites. The only other evidence is the rapid destruction of 
host erythrocytes and appearance of immature red blood cells 
in circulation of infected lizards (Schall, 1990). Whether pre-
munition observed for P. mexicanum represents an adaptive in-
terference competition in which established parasites manipu-
late the host immune system is unknown, but an interesting 
possibility. Most natural infections we genotyped contained 
more than 1 clone of P. mexicanum (only 2 of the naturally 
infected lizards used as recipients contained a single genotype 
of parasites at all loci). If the effect seen in the experimental 
study occurs during natural transmission by the vector, this sug-
gests that multiclonal infections become established primarily 
by nearly simultaneous bites of infected vectors or bites by 
vectors carrying multiple genotypes of parasite. Thus, premu-
nition must play a role in the transmission biology of P. mex-
icanum and establishment of multiclonal infections. 
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LIFE CYCLE OF HEPATOZOON CANIS (APICOMPLEXA: ADELEORINA: HEPATOZOIDAE) 
IN THE TICK RHIPICEPHALUS SANGUINEUS AND DOMESTIC DOG (CANIS FAMILIARIS) 
Gad Baneth, Michael Sarnish*, and Varda Shkap* 
School of Veterinary Medicine, Hebrew University of Jerusalem, P.O. Box 12, Rehovot 76100, Israel. e-mail: baneth@agri.huji.ac.il 
ABSTRACT: The life cycle of the apicomplexan protozoon Hepatozoon canis in its natural hosts Rhipicephalus sanguineus (tick) 
and Canis familiaris (domestic dog) was studied in an experimental infection. Tick nymphs were fed on a naturally infected dog, 
or they were infected by percutaneous injection of blood. Dogs were inoculated by ingestion of adult ticks containing mature 
oocysts. Gamonts were in syzygy 24 hr after percutaneous injection of ticks. Early oocysts were detected 96 hr after nymph 
repletion, and mature oocysts in adult ticks were infective to dogs 40 days postmolt. Merogony was detected in dog bone marrow 
from 13 days postinoculation (PI) and included meronts containing 20-30 micromerozoites, and a second type with 2-4 ma-
cromerozoites, Monozoic cysts were observed in the spleen in conjunction with merogony. Gamontogony with infection of 
leukocytes by micromerozoites occurred from 26 days PI, and gamont parasitemia, which completed the life cycle, was detected 
28 days PI. The length of the life cycle from nymphal attachment to parasitemia in dogs was 81 days. Increased body temperatures 
were evident from 16 to 27 days PI and paralleled the time of intensive bone marrow merogony. Skeletal pain and recumbency 
were manifested in 2 dogs, This study further elucidates the life cycle of H, canis and provides a sequential morphologic 
description of H. canis merogony, gamontogony, and sporogony. 
Hepatozoon canis is a hepatozoid apicomplexan parasite, 
which was first described in the blood of dogs in India and 
initially named Leukocytozoon canis (James, 1905; Christo-
phers, 1907), Hepatozoon canis belongs to a diverse group of 
parasites that includes more than 300 Hepatozoon spp" of 
which 46 have been described in mammals with the balance in 
reptiles, anurans, and birds (Smith, 1996). All Hepatozoon spp, 
share a basic life cycle that includes sexual development and 
sporogony in a hematophagous invertebrate definitive host, and 
merogony followed by gamontogony in a vertebrate interme-
diate host. Definitive hosts for Hepatozoon spp, are blood-suck-
ing invertebrates, including ticks, mites, sand flies, tsetse flies, 
mosquitoes, fleas, lice, reduviid bugs, and leeches, The gamont 
stage is found in blood cells of the vertebrate host, typically in 
red blood cells in parasite species infecting reptiles, or in leu-
kocytes of species infecting mammals, Transmission of Hepa-
tozoon spp. to vertebrates takes place by ingestion of the defin-
itive invertebrate host or parts of it by the vertebrate interme-
diate host. Salivary transfer has not been demonstrated in the 
Hepatozoidae, and the oral intake of oocysts with multiple spo-
rocysts containing infective sporozoites is considered the bjlsic 
route of infection. 
Canine hepatozoonosis caused by H. canis is prevalent in 
southern Europe (Kontos and Koutinas, 1990; Hervas et al., 
1995), Asia (Rajamanickam et al., 1985; Murata et al., 1991), 
Africa (McCully et aI., 1975; Ezeokoli et aI., 1983), and South 
America (O'Dwyer et aI., 2001). The main vector for H. canis 
is the brown dog tick, Rhipicephalus sanguine us (Christophers, 
1907). Hepatozoon canis infection ranges from being asymp-
tomatic in dogs with low-level parasitemia, to a severe life-
threatening illness with fever, lethargy, anemia, and emaciation 
in dogs with high parasitemia (Baneth and Weigler, 1997). Dogs 
in the southern United States are infected by a different He-
patozoon species, H. americanum, which induces mostly mus-
culoskeletal pathology (Vincent-Johnson et aI., 1997; Panciera 
et al., 2000) and is transmitted by the Gulf Coast tick, Ambly-
Received 12 October 2004; revised 20 July 2006; accepted 9 Septem-
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omma maculatum (Mathew et aI., 1998). In addition to the 2 
species of Hepatozoon described in dogs, an undetermined He-
patozoon species detected in the tick Amblyomma ovale in Bra-
zil has been shown to be capable of infecting dogs in an ex-
perimental transmission study (Forlano et aI., 2005). 
The life cycle of H. canis has been studied mostly by obser-
vations made in naturally infected dogs and ticks (James, 1905; 
Christophers, 1907; Wenyon, 1911, 1926). Reports of experi-
mental H. canis transmission are few and lack detailed descrip-
tions of the course of the infection in the tissues of the tick and 
the dog (Wenyon, 1931; McCully et al., 1975). Thus, the life 
cycle proposed for of this parasite has been based mainly on 
descriptions of other Hepatozoon spp. that infect different mam-
malian hosts (Wenyon, 1926; Craig, 1998). The purpose of the 
present study was to further elucidate the life cycle of H. canis 
in its vector tick R. sanguineus and in the domestic dog. 
MATERIALS AND METHODS 
Ticks 
Maintenance: Laboratory-raised R. sanguineus ticks that were main-
tained by feeding on gerbils (Meriones tristrami) and rabbits were used 
in the study. These ticks originated from wild-caught, engorged female 
R. sanguineus ticks collected from a dog and bred for 6 generations in 
the laboratory before the study. Sixty larvae, 40 nymphs, and 40 adult 
ticks from the tick stock used for infections were screened before the 
experiment, and they were found negative for the presence of H. canis 
by hemolymph smears. Laboratory-raised R. sanguineus larvae were 
fed on gerbils, the nymphs were fed on a naturally H. canis-infected 
dog or on rabbits, and the adults were either fed on rabbits or kept 
unfed. The off-host stages were kept at 27 C in 85% RH. Unfed ticks 
completing their prefeeding period were kept at 14 C until used (Hadani 
et al., 1969). 
Infection by natural feeding: One hundred nymphs were placed in 
ear bags and placed on a dog with naturally occurring H. canis infec-
tion. This dog was negative for evidence of infection with other canine 
hemoparasites by examination of blood smears before the experiment. 
The level of H. canis parasitemia was monitored by blood counts and 
May Grunwald Giemsa-stained blood smears on the day of nymphal 
attachment and 7 days later, on the last day of feeding. Engorged 
nymphs were collected daily and incubated at 27 C until 14 days post-
molt. Unfed adult ticks were kept at 14 C until prepared for the inoc-
ulation of dogs. At 37 days postmolt, ticks were fed on rabbits for 
3-7 days before being used for inoculation (Fig. 1). 
Infection by percutaneous injection: Nymphs were engorged on an 
uninfected rabbit and injected through their cuticle on the day of reple-
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FIGURE I . Sequence of events during experimental infection with H. canis .. Days from infection of nymph ticks are marked on the c ircumference 
of Ihe c ircle. (A ) A ssoc ialion of gamonts.in syzygy. (8 ) Early oocyst. (C ) Developing oocyst. (D) M ature oocyst in the tick hemocoel. (E ) Earl y 
meront in the bone marrow. (F) M eront containing micromerozoites aligned in a circle around a basal materia l mass. (G ) M eront contain ing 2 
macromerozoites. (H ) Free macromerozoite in the bone marrow. (I ) Free micromerozite in the bone marrow. (J) Micromerozoite after penetration 
inlo neutrophil and during transformation to gamont. (K ) Mature gamont in the peripheral blood. 
tion w ith I ILl of bu ffy coat collecled from the blood of naturally in-
fecled dogs, or with saline as controls, as described previously (Baneth 
el aI., 200 I ). Briefl y, a tuberculin hypodermic yringe fitted with a 30-
gauge needle was installed in an apparatus that deli vers a I -ILl dose 
with every turn of a w heel. The need le was pushed through the cau-
dodorsal pari of the cuticle, and the inoculum was injected into the 
body cavi ty. Percutaneously injected nymphs were incubated al 27 C 
during moiling and for 14 days postmolt, and the resultant adult ti cks 
were kept at 14 C until used. 
Examination of licks: The presence of H. canis in the hemolymph of 
nymph and adu ll ticks was examined in hemolymph smears. The ca-
pitulum of the tick was excised with a no. I I scalpel blade, and the 
body of the tick was compressed with fine forceps to squeeze the he-
moly mph gently onto a glass slide. Slides of hemolymph smears were 
stained with M ay Grunwald Giemsa and examined under a light micro-
scope. Unstained slides were viewed by Nomarski phase microscopy or 
prepared for scanning electron microscopy (SEM). Hemolymph smears 
from control ticks fed on rabbits at the nymphal and adult stages ser ved 
as controls. 
Hemolymph smears made from percutaneously injected nymphs were 
prepared at 30 min and 1,2, 12,24, and 48 hr postinjeclion (PI). Similar 
smears were made from nymphs that were detached during feeding on 
a naturally infected dog at 24, 48, 96, and 144 hr after application and 
at 2, 3, 4, and 5 days after repletion and natural detachment from the 
dog's ears, i.e., 6, 7, 8, and 9 days, respectively, after attachment. 
Unfed adult ticks that had engorged as nymphs on a naturally infected 
dog were examined by means of hemolymph smears at l3, 21, and 35 
days postmolt. Hemolymph smears also were made from partially en-
gorged adult ticks that had fed on a rabbit for 1, 2, 3, 5, and 7 days. 
These ticks had been infected as nymphs by feeding on a naturally 
infected dog. In addition, adult ticks warmed to 37 C were examined 5 
and 7 days after the initiation of warming. 
Adult ticks that as nymphs had been injected percutaneously with 
gamonts were examined on day 21 postmolt, and at 5 and 7 days of 
feeding on a rabbit. Hemolymph smears from ticks fed on gerbils as 
larvae and on rabbits at the nymphal and adult stages served as controls. 
Smears from a subset of control unfed adults that were warmed at 37 
C were compared with those from infected ticks that were fed as adults, 
and with smears from infected ticks that were not fed or warmed as 
adults. 
Dogs 
Six laboratory-raised dogs (2 beagles and 4 dogs of mixed breeds) 
aged 3 mo were kept under surveillance in a tick-free environment for 
30 days. The dogs were kept in a closed kennel building surrounded by 
2 external fences. The kennel premises were routinely treated with acar-
icides and rodenticides to prevent entrance of rodents or wild ticks. The 
dogs were bled 3 times before inoculation with H. canis, i.e., upon 
initial caging, 12 days before inoculation, and on the day of inoculation. 
All the dogs were found negative for H. canis by examination of blood 
smears and by serology with the indirect fluorescent antibody test 
(IFAT) (Shkap et aI., 1994; Baneth et aI., 1998). 
Dogs were inoculated with adult ticks at 40-44 days postmolt, i.e., 
53-57 days after application of nymphs to the naturally infected dogs 
or after the percutaneous injection of nymphs (Fig. 1). Dog nos. 1, 2, 
3, 5, and 6 were inoculated with ticks that had been infected by feeding 
as nymphs on a naturally infected dog, whereas dog no. 4 was inocu-
lated with ticks that had been percutaneously injected. Inoculation was 
performed by feeding the dogs with raw chicken liver mixed with H. 
canis-infected adult ticks. Each dog ingested 30 ticks of which 15 ticks 
had been cut into pieces and 15 ticks were left intact. 
The dogs underwent a daily physical examination that included mon-
itoring of rectal body temperature, respiratory rate, and heart rate. Any 
physical abnormalities, if present, were recorded. Of the 6 dogs that 
were inoculated with H. canis, 2 dogs were monitored over a 4-mo 
period. The remaining 4 dogs were killed by intravenous injection of 
60 mglkg pentobarbitone and subjected to necropsy at 21, 34, 53, and 
64 days PI (dog no. 5, 6, 1, and 2, respectively), after they had been 
confirmed to be parasitologically positive by demonstration of H. canis 
meronts in the bone marrow or of gamonts in the blood. 
Although no group of uninfected dogs was maintained in the animal 
facility during the trial as sentinels for the possibility of inadvertent 
natural infection, the closed conditions of the animal house and the 
acaricidal and rodenticidal treatments of the facility served to reduce 
this risk to a minimum. 
Examination of blood and dog tissues: The presence of H. canis 
gamonts in the blood of dogs was determined by microscopic exami-
nation of blood smears. The dogs were bled by cephalic venipuncture 
every 3 days PI. Complete blood counts were performed, and stained 
blood smears were examined by light microscopy. The extent of para-
sitemia (percentage of neutrophils parasitized by H. canis gamonts) was 
recorded, and the numbers of gamonts per microliter of blood were 
calculated by multiplication of the percentage of parasitzed neutrophils 
by the total number of neutrophils per microliter of blood. 
Bone marrow aspirates were taken from the femur. The aspiration 
was performed under anesthesia by intravenous injection of 5 mglkg 
ketamine mixed with 0.5 mglkg diazepam. The aspirations were per-
formed once before inoculation and weekly for 7 wk PI. Glass slides 
of aspirated material were stained with May Grunwald Giemsa and were 
examined for H. canis parasites by light microscopy. 
At necropsy, tissue samples were taken from the spleen, liver, kid-
neys, lungs, bone marrow, intestine, lymph nodes, and skeletal and car-
diac muscles. Specimens were fixed in 10% buffered formalin, embed-
ded in paraffin, sectioned at 5 fLm, and stained with hematoxylin and 
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eosin. Touch preparations were made from the spleen and the bone 
marrow and stained with May Grunwald Giemsa. 
Parasite size measurements 
The sizes of parasites found in hemolymph smears, bone marrow, 
and splenic cytologic preparations, and in histologic specimens were 
measured with a light microscope and a manual micrometer. 
Scanning and transmission electron microscopy 
SEM of H. canis from experimentally infected adult ticks was pre-
formed on adult ticks that had been detached from a rabbit 7 days after 
initial attachment, i.e., 57 days after they had been attached as nymphs 
to an infected dog. Hemolymph smears were made on round glass cov-
erslips and fixed in 1 % glutaraldehyde for 2 hr at 4 C. The preparations 
were washed 3 times with phosphate-buffered saline, immersed twice 
in 50% ethanol for 30 min, and transferred to 70% ethanol overnight. 
The slides were dehydrated in 95% and then 100% ethanol, dried at 42 
C, and covered with pure gold on a rotatory-turntable high-vacuum unit 
(Klainer and Betsch, 1970). The samples were examined under a 
GOUL-35C SEM at 20 kY. 
For transmission electron microscopy (TEM) of gamonts, blood was 
anticoagulated with heparin and centrifuged at 800 g for 10 min. The 
buffy coat was collected, fixed in 2.5% glutaraldehyde at 4 C, and 
postfixed in 1 % osmic acid. The specimen was then transferred to 2% 
uranyl acetate in 50% ethanol and left overnight at 4 C. The solidified 
specimen was dehydrated in a series of increasing ethanol concentra-
tions and embedded in epoxy resin. Ultrathin sections were stained with 
uranyl acetate and lead citrate and viewed under a JEOL-JEM-1Ol mi-
croscope. 
Serology 
Serum samples were analyzed by IFAT for IgG antibodies against H. 
canis, as described previously (Shkap et aI. 1994; Baneth et aI., 1996). 
RESULTS 
Ticks 
Prevalence of tick infection: Oocysts of H. canis were found 
in 17 of 20 (85%) hemolymph smears that were prepared 29 
days postmolt from unfed adult ticks that had previously fed as 
nymphs on a naturally infected dog. The dog parasitemia level 
was 48% during tick feeding. Percutaneous injection of infected 
blood from the same dog into nymphs resulted in oocyst de-
velopment in 21 of 32 (66%) adult ticks. Twenty-two (58%) of 
the 38 infected ticks were male and 16 (42%) were female. 
Gametogenesis and sporogonic development: By 30 min af-
ter percutaneous injection of infected buffy coat, H. canis gam-
onts were still found within neutrophils in hemolymph smears 
(Fig. 2). Twenty-four hr postinjection, 2 elongated gamonts free 
from a host cell were observed aligned side-by-side in syzygy. 
The.nuclei of these gamonts had enlarged considerably, and the 
cells had become crescent-shaped (Fig. 3). Spherical cells with 
a round nucleus (Fig. 4), presumed to be differentiating gam-
etes, were observed in the hemocoel 24 hr postinjection. At 48 
hr postinjection, there was a distinction between 2 types of 
cells: some cells, presumed to be microgametes, were elongat-
ed, had an eccentric nucleus and terminated in a point; other 
cells, presumed to be macro gametes, were round and also pos-
sessed a prominently eccentric nucleus (Fig. 5). 
Four days after the repletion of nymphs fed on a naturally 
infected dog, zygotes or early oocysts (64 X 60 /-Lm) with a 
central, dense, oval-shaped nucleus surrounded by a lighter 
staining zone, and a basophilic-staining cytoplasm were ob-
served (Fig. 6). Five days after repletion, a larger (86 X 86 /-Lm) 
early oocyst was found; its nucleus was less conspicuous and 
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FIGURES 2- 13. Development of H. ct1rfis in R. sanguineus a v iewed in hemocoel mears of experimentally in fected ticks. (2) An H. canis 
gamont contained within a neutrophil 30 min after percutaneous injection of infected bu ffy coat. (3) Gamonts aligned in syzygy 24 hr postper-
cutaneous injection. (4) Di fferentiating gamete 24 hr postinjection. (5) A presumed male microgamete (right) and female macrogamete ( left) 
before fertili zation 48 hr postpercutaneous injection. (6) A zygote or earl y oocyst in a naturally fed nymph 4 days after repletion. Note the oval 
shaped nucleus. (7) An earl y oocyst w i th an irregular cytoplasm in earl y sporogony 5 days after nymph repletion. (8) An oocyst in an adult tick 
13 days postmolt. Developing sporocysts w ithin the oocyst are mostl y attached to each other w ith no apparent internal division into sporozoites. 
(9) Two attached oocyst urrounded by thick membrane and conta ining attached immature sporocyst in an adult unfed tick 35 days postmolt. 
(10) An oocyst in an adult ti ck that has fed on blood for 9 days. Note the thin membrane surrounding the oocyst structure and the numerous 
sporocysts that have been freed from the oocyst. (11) A n oocyst from an adult tick that has fed for 9 days. ote the separation of the oocyst 
membrane. (12) Close-up of sporocysts in an adult tick that has fed. Note the shape of internally packed sporozoites and the sporozoite nuclei . 
(13) Curved sporozoites within a sporocyst. 
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FIGURES 14- 17. SEM of H. callis oocysts and sporocysts from the hemocoel of naturally fed ticks that have engorged blood as adults. (14) 
Oocysts surrounded by a thin membrane enveloping numerous sporozoites whose outlines are v isuali zed through the membrane. ( IS) Oocysts 
w ith torn outer membranes releasing numerous sporocysts into the hemocoel. ( 16) Spherical sporocysts that have been released from oocysts are 
shown on the ex ternal aspect of an oocyst membrane. (17) A close-up of sporocysts, depicting Ihe rough sporocyst surface w ilhout reveal ing the 
sporozoites contained w ithin them. • 
its cytoplasm wa nonhomogenou , apparently in earl y sporo-
cyst formation (Fig. 7) . These stages of the parasite were ex-
tracellular and not present w ithin tick host cell s. 
1n the unfed adult ti ck , 13 days postlnolt, oocy t were ob-
erved as single structure, in couples, or in clusters of up to 6 
oocysts at vari ous stages of maturati on. The oocysts were 
round, ranged in size from about 200 X 200 f..Lm up to 300 X 
300 f..Lm, and they were enclosed in a thi ck membrane that cov-
ered the oocyst structure. An in ternal di v i ion into developing 
porocy ts wa obser ved. The developing porocysts were 
mostl y attached to each other, and internal di v ision into spo-
rozoites wa not apparent (Fig. 8). Thirty- fi ve days postmolt 
unfed adult t ick contained polysporocystic oocysts of about 
260 X 300 f..Lm enveloped in thick membrane 20-40 f..Lm in 
w idth (Fig. 9). The number of sporocy ts present in the oocyst 
wa counted in 17 oocysts and found to average 84 (range 57-
129). The total number of oocysts in each in fected tick was 
eva luated in 19 ticks and ranged from I to 89 wi th a mean of 
17 oocysts per tick. In the hemolymph of adult ti cks 5 days or 
long!!r after feed ing commenced, the oocy t membrane seemed 
thinner and was often ruptured, and di crete ova l sporocysts 
were frequently freed from the oocysts (Fig. 10). The mem-
brane was freed from some oocyst or remained parti all y at-
tached (Fig. II ). In ome cases, under high-power magnifica-
ti on, curved, elongated porozoites w ith dark-staining nuclei 
were ev ident w ithin the porocysts (Figs. 12, 13). The number 
of sporozoites present in the sporocyst wa counted in 14 po-
rocy ts and found to be 7 or 8 (mean 7.5). 
SEM of hem lymph from adult ti cks that had fed for 7 days 
revea led round oocysts urrounded by a thin membrane that 
enveloped numerous sporocysts whose outlines were v isible 
through the membrane (Fig. 14). In several instances, the oocyst 
membranes had been torn , and elongated sporocy ts could be 
seen emerging from the oocysts into the surrounding hemocoel 
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FIG RE 18. Periosteal bone proli feration associated w ith H. canis meronts (ar rows) in the femur of dog no. 5 at 34 days PI. 
(Fig. 15). SEM howed discrete porocysts as pherica l bodie 
w ith a rough urface (Figs. 16, 17) that did not revea l the spo-
rozoites contained in them. 
"~fectious dose calculation.: It was estimated that each dog 
inoculated w ith naturally fed tick ingested about 9, 104 H. can-
is porozoites, whereas dogs inoculated w ith percutaneous1y in-
jected ticks received about 7,067 sporozoites. These calcula-
ti ons were based on the estimate of a mean of 7.5 sporozoites 
in each sporocyst multiplied by a mean of 84 sporocysts in each 
oocyst. The total number of sporozoites in an oocyst was mul -
tiplied by a mean of 17 oocy ts found in infected tick . The 
number of porozoite in an in fected tick wa mul tiplied by 
85% in fecti on preva lence of natura lf; fed ticks or 66% of per-
cutaneously injected ti cks, and multiplied by the 30 ti cks fed 
to each dog. 
Dogs 
All of the dog in culated w ith H. canis underwent merog-
ony in the bone marrow. Paras itemia w ith H. canis gamonts 
was ev ident in 4 of the 6 dogs (nos. 2, 3,4, and 6). All of the 
dog, examined by serology seroconverted and produced anti -
H. canis IgG. Dog nos, 1-4 had an IFAT titer of I :256, and 
dog no. 6 had a tiler of I :32 by 7 w k PI. Dog no. 5 was killed 
at 2 1 days PI , and it was not evaluated serologically. The 
lengths of ti me for w hich dog were paras itemic and their levels 
of paras itemia varied. Dogs nos. 4 and 6 developed brief par-
asitemias with smal l numbers o f circulating gamont : para it-
emia was detected on day 28 (no. 4) and 29 (no. 6) PI, and 
less than l % of the peripheral blood neutrophils were para it-
ized. D ogs nos. 2 and 3 developed longer paras itemias with 
larger numbers o f peripheral blood gamonts: dog no. 2 initially 
showed detectable paras itemia at 35 days PI , and a peak of 55% 
at 52 days PI ; no. 3 showed initial parasitemia at 43 day PI 
with a peak o f 80% at day 52 PI. 
Clinical and pathologic findings in dogs with experimental 
H. canis infection: Although overt cl inical sign, were not ob-
served during the fi rst 2 w k PI , dog nos. 1- 4 and 6 had episodes 
of increased rectal body temperature that started at 16 days PI 
(dog no. I ), 23 days PI (dog nos. 2 and 3), and 27 days PI 
(nos. 4 and 6). Body temperatures ranged From 39.9 C to 4 1, I 
C. Two dogs (nos. 4 and 6) suffered from an acute episode of 
hyperesthesia, apparently caused by skeletal pain w hich started 
26 days PI and wa accompanied by high fever. Rectal body 
temperatures in dog no. 4 ranged From 39.9 C at 27 days PI to 
40.5 C at 30 days PI (normal range 37.5- 39.5 C). In dog no. 
6, body temperature reached 41 . 1 C at 27 day, PI and dec lined 
to 39.7 C by 32 day PI. The 2 dogs initiall y as umed ternal 
recumbency, after w hich they could sit tiffl y, but they were 
reluctant to use their pelv ic limb . This stance was remini cent 
of the " His M aster's Vo ice" posture de cribed in dogs w ith H. 
americanum infection (Craig, 1998). No neurological deficits 
were revealed in the 2 dogs by a neurological examination. This 
episode of restricted mobility and pain lasted 10 days in dog 
no. 4, after which that dog returned to normal performance. 
Dog no. 6 was killed and necropsied at 34 days PI, 8 days after 
the initial signs of hyperesthesia occurred. 
Necropsy findings from dog no. 5 at 21 days PI revealed H. 
canis meronts in the spleen and bone marrow, multifocal-to-
diffuse myocardial degeneration, and calcification without evi-
dent parasites in the myocardial muscle. In dog no. 6, which 
was killed at 34 days PI, merogony was evident in the spleen, 
liver, bone marrow, and periosteum (Fig. 18). Subacute peri-
ostitis was associated with the presence of H. canis meronts, 
and periosteal bony proliferation was noted. In dog no. 1 at 53 
days PI, meronts were found in the spleen, liver, and bone mar-
row. Dog no. 2 necropsied at 64 days PI had meronts and gam-
onts in the bone marrow and spleen. 
Merogonic development: Merogonic development was fol-
lowed by cytologic evaluation of bone marrow aspirates taken 
periodically during the study, from touch preparations of the 
spleen and bone marrow, and from histology of tissues, carried 
out at necropsy. The earliest finding of H. canis merogony in 
the bone marrow was noted at 13 days PI, when a small number 
of immature meronts was found. These meronts contained an 
amorphic foamlike basal substance, bound by an external mem-
brane with no apparent internal detail. At 19 days PI, a larger 
number of meronts was observed. They were contained within 
mononuclear host cells (Fig. 19) and possessed a single baso-
philic-staining nucleus. A capsule surrounding the meront with-
in the host cell cytoplasm was evident and the host cell nucleus 
had been compressed laterally. Although the host cell cyto-
plasm was largely taken up by the meront, some free cytoplasm 
was still visible. At 21 days PI, larger and more developed 
meronts were found: the parasite seemed to be taking up the 
whole cytoplasmatic space of the host cell and compressing its 
nucleus into a thin band lateral to the parasite (Fig. 20). The 
meront nucleus, clearly seen in earlier meronts, was no longer 
visible, and the cytoplasm contained abundant basophilic-stain-
ing material. The more developed meronts found in the bone 
marrow on day 21 PI had completely compressed the host cell, 
leaving a residual narrow band of a host cell nucleus without 
evident host cell cytoplasm (Fig. 21). These meronts were sur-
rounded by a thick, nonstaining capsule, and their cytoplasm 
contained amorphic material. Some other meronts contained 
spots of dark basophilic-staining material, presumed to be de-
veloping merozoite nuclei (Fig. 22). At 26 days PI, in addition 
to the developing stages of meronts described above, larger ma-
ture meronts were evident. These meronts were enveloped by 
a thick, nonstaining capsule and contained approximately 20-
30 micromerozoites with well defined basophilic-staining nuclei 
(Fig. 23). Free micromerozoites with some basal material re-
leased from meronts were also evident. Micromerozoites 
emerging from meronts that had ruptured during the preparation 
of the specimen (Fig. 24) were elongated with a cone-shaped 
anterior end; they possessed a basophilic-staining nucleus that 
occupied the whole width of the parasite and was located close 
to its posterior end. 
The histological evaluation of H. canis merogony was per-
formed on spleen specimens obtained at the necropsy of dogs 
nos. 5, 6, and 2 at 21, 34, and 64 days PI, respectively. Devel-
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oping meronts were initially visualized at day 21 PI as round-
to-oval forms enclosed by a thick capsule and containing 
amorphic basal material with single or several zones of baso-
philic-staining nuclear material (Figs. 25, 26). In developing 
meronts containing micromerozoites, the nuclear material as-
sembled at the periphery of the meront where it formed separate 
micro merozoite nuclei (Fig. 27) that differentiated further to 
form distinct organisms arranged in a shape reminiscent of a 
"wheel spoke" when viewed in cross section (Fig. 28). The 
micromerozoites in fully developed meronts viewed at day 34 
PI were assembled around a distinct central mass of "amorphic 
material" (Figs. 29, 30). 
Histopathology revealed the presence of a second type of 
meront containing 2-4 large macromerozoites. These macro-
merozoites seemed to be forming around a central mass of basal 
material (Fig. 31), and as they assumed their final shape, they 
separated and dispersed within the meront (Figs. 32-34). These 
meronts lacked the organized structure in which merozoites 
were aligned along the meront wall as observed in the wheel 
spoke-shaped meronts that contained micromerozoites. Mature 
macromerozoites had rounded anterior and posterior ends and 
a round nucleus that did not take up the whole width of the 
zoite, in contrast to the wide shape of micromerozoite nuclei. 
Meronts of the same type were often found in proximity to one 
another, possibly because of division from the same parent par-
asite. 
Monozoic cysts containing a single parasite were observed 
in the spleen. These cysts contained a curved zoite with a single 
nucleus. Unlike the meronts, which develop within a host cell 
and compress the host cell cytoplasm and nucleus to the cell 
margin, no relics of host cell nucleus were detected in the cysts, 
and they did not seem to be located within a host cell. 
Secondary merogony and gamontogonic development: Free 
merozoites, mostly of 2 sizes and shapes that were identified 
as macromerozoites and micromerozoites, were observed at 26 
days PI by cytology of bone marrow. Macromerozoites were 
crescent-shaped forms with a round nucleus and an eosinophilic 
cytoplasm that contained large granules (Fig. 35). Single ma-
cromerozoites were found within mononuclear host cells with 
abundant cytoplasm, presumably after the cell invasion before 
secondary merogony (Fig. 36). The invading macromerozoites 
could be differentiated from early meronts observed in host 
cells (Fig. 19) by their smaller size; crescent shape; dark, round 
basophilic-staining nucleus; and the lack of the basal cytoplas-
matic material observed within meronts. Transforming macro-
merozoites enlarged in size and contained numerous granules 
(Fig. 37). Developing meronts in secondary merogony com-
pressed the host cell nucleus laterally toward the cell membrane 
during enlargement (Fig. 38). In these cells, the meront nucleus 
gradually disintegrated, and basal material occurred in forma-
tion of either micromerozoites or another generation of meronts 
with macromerozoites. 
Micromerozoites were narrow and elongated, with a sharp 
"spear-shaped" anterior end and an eccentric nucleus that was 
positioned closer to the posterior end than to the anterior end 
of the parasite and occupied its whole width (Fig. 39). Micro-
merozoites were more abundant than macromerozoites. Some 
free micromerozoites were seen attached at their anterior end 
to the cytoplasmatic membranes of leukocytes, possibly in the 
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FIGURES 19-24. Cytologtic evaluation of the development of H. callis merogony in dog bone marrow. ( 19) An early merom within a mono-
nuclear host cell 19 days PI. o te the membrane delineating the meront and the host ce ll cytoplasm. the single meront nucleus located in the 
par asite center, and the host cell nucleus compressed to the cell margin (arrow). (20) A developing merom containing basa l material wilh no 
evident nucleus on day 2 1 PI. The merom occupies all of the host cell cytoplasm. (2 1) Developing merom containing coarse- looking basa l material 
at 2 1 days PI. The host cell nucleus has been compressed to a narrow band at the cell margin (arrow). (22) A developing meront at day 2 1 PI 
wi th several spots of basophilic-staining nuclear material. preceding the formation of discrete merozoites. (23) A maturing merom surrounded by 
a nonstaining capsule and contai ning approx imately 20- 30 developing micromerozoites w ith well defined basophilic-staining nuc lei at 26 days 
PI. (24) Micromerozoites emerging from a ruptured merom at 26 days PI. ote the elongated micromerozoites w ith a cone-shaped anterior end 
and a nucleus occupy ing the whole w idth of the parasite and located c lose fo its posterior end . 
. ' 
initial stages of penetration into the cell. Sing le parasites with 
shape that were identica l to those of micromerozo ites were 
ob erved within the host cell cytoplasm, which they had pen-
etrated earlier. Slender micromerozoite- like parasite that were 
observed in the cytoplasm of some leukocytes compressed and 
eparated the lobules of granulocyte nuclei in the process of 
tran forming into gamonts (Fig. 40). The transformation of mi-
cromerozoites into gamonts included an expansion in width and 
length from the narrow spear shape of the micromerozo ite into 
a wider ellip o idal hape (Fig. 41 ). In some leukocytes, the 
den e nucleu of the merozo ite eemed to transform into scat-
tered nonuniform chromatin (Fig. 42), and as maturation pro-
gres ed, the gamont developed a uniform nucleus. Gamont that 
seemed to be morphologically mature were el l ipsoidal , sur-
rounded by a capsule within the ho t cell cytoplasm, and fre-
quently seemed to be compress ing the host cell nucleu . Ap-
parently, mature gamont were often found together with de-
veloping meronts in bone marrow preparations taken 35 days 
PI (Fig. 43). Gamonts were ev ident in the peripheral blood on 
day 28 PI , and a higher paras itemia was ev ident at 39 days PI 
(Fig. 44). 
TEM of periphera l blood revea led elongated gamont bound 
by 3 layers of membrane (Figs. 45, 46). Rhoptri es and multip le 
micronemes were pre ent in the anteri or end of the parasite. 
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FIGURES 25- 30. Histopathological eva luation of H. callis merogony and development of micromerzoites in the canine spleen. (25) Early 
meroms viewed as round-to-oval forms enclosed in a thick capsule and containing mostl y " foamy" basa l material at day 2 1 PI. (26) Two 
developing meroms, I merom showing a sing le pot of nuclear material, and the second meront exhibiting several nuclear material spots, possibly 
during the initial formation of merozoites at day 2 1 PI. (27) Separate micromerozoite nuclei forming in the periphery o f the meront at day 21 PI. 
(28) Cross section of a merom showing di stinct micromerozoite nuclei aligned along its periphery to form a shape reminiscent of a wheel spoke 
on day 34 PI. (29, 30) Micromerozoite forming a circle around a discrete rOllnd basal material mass in merOIllS that seem to have reached a 
mature stage at day 34 PI. 
Mitochondria and a dense body were located anteriorly to the 
nucleus, which was located closer to the posterior end of the 
parasite, and subpellicular microtubules were visualized in 
proximity to it po teri or end. A po lar ring complex was vi ible 
in the anterior end of the gamont (Fig. 46). The gamonts re-
vealed by TEM were extracellular and were thought to have 
been released from their host cell during blood sampling or 
during the processing of the butfy coat for micro copy. 
Parasite sizes (a ll dimensions ill micrometers): Parasites 
from tick were measured in hemocoel smear tained with M ay 
Grunwald Giemsa. Early oocy ts from nymph 5 day postre-
pletion on a naturall y inFected dog were round and measured 
78.8 ± 12.4 x 78.8 ± 12.4 (64.5- 86.0 X 64.5- 86.0; n = 3) 
with a shape index (length/width ratio) of I. Oocysts in unfed 
adult ticks 13 days postmolt were round to ova l , often found 
attached in pairs or c lustered with more oocysts, and measured 
252.6 ± 68.4 X 247 .3 ± 76 (30 1- 204.3 X 301 - 194; n = 2) 
with a shape index of 1.0 ( 1- 1.06; n = 2). Sporocyst found 
within oocysts at 13 days postmolt were oval and measured 
32.3 ± 0 X 13.95 ± 1.5 (32.5 X 12.9- 15 .0; n = 2) with a 
shape index of 2.3 ± 0.25 (2. 15-2.5; n = 2). Oocysts in unfed 
adult ticks 35 days postmolt measured 309.8 ± 3 1.8 X 255.8 
± 48.0 (269- 357 X 200- 322; n = 5) with a shape index of 
1.24 ± 0.2 ( 1.0- 1.5 ; n = 5). 
Paras ites in dog tissues were measured in cytological prep-
arations of bone marrow aspirates stained with May Grunwald 
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FIGURES 31 - 34. H epalozooll callis merogony with macromerozoites, as revealed by spleen histopathology at day 34 PI. (31) Developing 
macromerozoites forming around a centra l " basal material " mass. (32) M acromerozoites in 2 meronts in proximity. The macromerozoites are 
dispersed within the meron! without f~rlTIing an organized structure comparable with the one formed by micromerozoites that align along the 
meront wall in a w heel spoke shape pattern. (33) Two H. canis macromeronts in a meront w ith central mass of ba al material. (34) Three 
apparently mature macromerozoites wi thin a meront that con tains a small amOUIll of basal material. The edges of the meronts are rounded and a 
central round nucleus can be observed w ithin them. Another merom w ith 4 merozoites incised in cross section is present below the first meron!. 
Giem a (Table l ). The meronts were round to oval and mea-
sured 30.6 ± 5.3 X 28.9 ± 5.3 (23.7-40.9 X 19.6-38; n = 19) 
and their hape index was I ± 0.1 ( 1.0- 1.3; n = 19). Extra-
cellular mjcromerozoi te were elongated and variable in width, 
measuring 10.7 ± 1.3 X 1.69 ± 0.9 (8- 12.9 X 1.72- 4.3 ; n = 
13) and their shape index was 4.7 ± 1.3 ( 1.86-6.25). Extracel-
lular macromerozoites were cre centic in shape and had round 
nuclei ; they measured 15.0 ± 0 X 6.7 ± 0.4 ( 15.0 X 6.45- 7.0; 
n = 2) with a hape index of 2.54 ± 0.3 (2.33- 2.75; n = 2). 
M acromerozoite nuclei measured 5.9 ± 0.7 X 5.9 ± 0.7 (5.4-
6.45 X 5.4- 6.45; n = 2) w ith a shape index of I. Intracellular 
gamonts in the bone marrow were ellip o idal and measured 9.7 
± 1.4 X 5.4 ± 0.9 (6.9- 10.8 X 4.3-6.9; n = 8) with a shape 
index of 2 ± 0.7 ( 1.0- 3.27; n = 8). M onozoic cysts measured 
2 1 ± 2.5 X 17. I ± 2 ( 17- 25 X 14-2 1; n = 8) with a hape 
index of 1.3 ± 0.15 ( 1.0- 1.5 ; n = 8). 
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FIG RES 35- 38. Earl y secondary merogony in the bone marrow, revealed by cytology. (35) A free macromerozite at 26 days PI. The zoite 
cytoplasm contains several large granules. (36) A cre cent-shaped zoite w ithin a mononuclear cell cy toplasm, presumably after cell invasion 
before secondary merogony at 26 days PI. (37) A large zoite containing numerous granules in a mononuclear ce ll at 26 days PI. (38) An enlarging 
earl y meront in a host cell cytopla m. The meront nucleus, which disintegrates as merogony progresses, can sti ll be seen (sma ll arrow). The host 
cell nucleus is laterally compre sed toward the outer cell membrane (large arro~). 
DISCUSSION 
The development of H. canis in its natural ho t the tick R. 
sanguineus and the domestic dog has been followed in this 
study in a chrono logically order. It is complementary to pre-
vious work that described ob ervation on the life cycle o f thi 
parasite in naturally infected animals, without following the 
para ite' developmental stages during the whole life cycle in 
an experimental study (J ames, 1905 ; Chri tophers, 1907; Wen-
yon, 19 11 , 1926; M cCully et aI. , 1975; Harmelin et aI. , 1992; 
Herva et aI. , 1995, 1997). The percutaneous injection o f tick 
with gamonts, although not a replication o f the uptake of blood 
into the tick gut, served as an artific ial alternative to natural 
infection that enabled estimati on of the timing of some of the 
early processes that take place in natural tran mi sion during 
the blood meal, or directly after it. An outline of the life cycle 
of H. canis, a determined in the pre ent investigati on, inc ludes 
several pha es. M orphologica ll y indi tingui hable male and fe-
male gamont were tak en up by tick nymphs when engorg ing 
blood from an infected dog. [n the subcutaneou injecti on mod-
el , par asite that had been freed fro l11 leukocytes were obser ved 
in yzygy 24 hr postinjecti on, and gametogenes i w ith micro-
and macrogametes wa v isuali zed at 48 hr. Fertili zati on was not 
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FIGURES 39-44. Gamontogonic development. (39) Free micromerozoite in a bone marrow aspi rate 26 days PI. The elongated micromerozoites 
are narrow and possess a sharp anterior end and a nucleus that eccupies the whole parasite width and is positioned close to its posterior end. (40) 
A zoite similar in hape to a micromerozoite (arrow) within a leukocyte during tran formation to a gamont. Bone marrow at 26 day PI. (41 ) 
Early gamonts in the cytoplasm of leukocyte in the bone marrow 26 days PI. (42) A developing gamont w ith a nucleus containing scattered 
chromatin . 35 days PI. (43) M orphologica lly mature gamonts (thin arrows) and a developing meront (thick arrow) in bone marrow at 35 days PI. 
(44) M ature gam onts in dog blood at 39 day PI. 
FIG RES 45- 46. TEM of an H. cal/is gamont from dog blood. (45) The gamont 's anterior end shows rhoptries (Rh), micronemes (Mn), a 
dense body (Db), and mitochondria (M c). The nucleus ( u) is positioned c loser to the posterior aspect of the parasite and subpellicular microtubules 
(Mt) are present between the nucleus and the posterior end. (46) A close-up of the anterior end of a gamont. A 3- layer membrane surrounds the 
gamont and a polar ring complex is v isible at the conoid (C). 
TABLE 1. Sizes of Hepatzozoon canis life stages. 
Stage Source of sample 
Early oocyst Nymph tick 5 days postrepletion 
Oocyst Adult unfed tick 13 days postmolt 
Oocyst Adult unfed tick 35 days postrnolt 
Sporocyst Adult unfed tick 13 days postrnolt 
Meront Dog tissue 
Micromerozoite Dog tissue 
Macromerozoite Dog tissue 
Gamont Dog tissue 
Monozoic cyst Dog tissue 
observed in the present study, but zygotes or early oocysts were 
first detected in naturally fed ticks, 8 days after initial nymphal 
attachment. The time of early sporogony seemed to correspond 
to the time of molt and transformation from the nymph to the 
adult tick stage. Sporogony was not completed at 13 days post-
molt, but at 35 days postrnolt (53 days after nymph attachment), 
oocysts seemed to have fully matured and were infective to 
dogs after their host tick had a blood meal. The release of spo-
rozoites in the dog gut and their penetration of the intestinal 
wall and dissemination to the tissues were not followed in this 
study, to avoid killing dogs at that stage. Early merogony was 
detectable 13 days PI, and mature meronts with intrameront and 
free micromerozoites and macromerozoites were visualized 26 
days PI. Early gamontogony was present in the bone marrow 
at 26 days PI, and the completion of the life cycle, with release 
of gamonts in leukocytes to the blood circulation was evident 
28 days PI. The total length of the life cycle of H. canis, which 
was observed from the attachment of nymphs to a parasitemic 
dog, through the ingestion of infected ticks by dogs, to the 
appearance of gamont parasitemia was 81 days. 
The sexual and sporogonic phases of the life cycle that have 
been observed in other species of Hepatozoon involve the 
movement of gamonts or more advanced development stages 
out of the arthropod gut lumen, through the gut epithelium, and 
into the hemocoel or other host compartments. There is w.ide 
variation in the published descriptions of these phases depend-
ing on the Hepatozoon spp. involved, the arthropod host, and 
the methods used for following the life cycle. Descriptions vary 
considerably with regard to several aspects, including the in-
vertebrate tissues in which the various stages of the parasite 
develop, whether development takes place within host cells or 
extracellularly, the morphological clHrracteristics of the life 
forms found during the sexual development, and their termi-
nology. This variation exists also among the Hepatozoon spp. 
that infect mammals. In the first experimental investigation of 
the life cycle of a Hepatozoon sp., Miller (1908) described pairs 
of H. muris gamonts associating in the gut lumen of the mite 
Laelaps echidninus. Motile zygotes or ookinetes were described 
penetrating the mite gut and reaching the hemocoel, where spo-
rogony commenced. Krampitz (1981) described the develop-
ment of H. erhardovae, a parasite of the bank vole Clethrion-
omys glarelus, in the flea Xenopsylla cheopis. Gamonts of H. 
erhardovae escaped from the rodent monocytes in the flea gut 
and migrated through the gut wall into the cells of the abdom-
inal fat body, where differentiation into macrogametes and flag-
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Shape index No. of forms 
Mean size (fLm) with SD (length/width ratio) measured 
78.8 ± 12.4 X 78.8 ± 12.4 3 
252.6 ± 68.4 X 247.3 ± 76 2 
309.8 ± 31.8 X 255.8 ± 48.0 1.24 5 
32.3 ± 0 X 13.95 ± 1.5 2.3 2 
30.6 ± 5.3 X 28.9 ± 5.3 19 
10.7 ± 1.3 X 1.69 ± 0.9 4.7 13 
15.0 ± 0 X 6.7 ± 0.4 2.54 2 
9.7 ± 1.4 X 5.4 ± 0.9 2 8 
21 ± 2.5 X 17.1 ± 2 1.3 8 
ellated micro gametes took place. Both male and female gametes 
were then found intracellularly, enveloped by a common mem-
brane, and oocysts developed in the flea fat body cells. Mathew 
et al. (1999), who studied the sporogonic development of H. 
americanum in the tick A. maculatum, described fusion of mi-
crogametes and macrogametes within the host gut cells. Early 
oocysts of H. americanum were located within host gut cells, 
and as the oocysts matured, they distorted the host cell and 
protruded into the hemocoel. In contrast to the descriptions of 
intracellular sexual development, studies on other mammalian 
Hepatozoon spp. have not indicated that the sexual life stages 
of these spp. occurred within host cells. The sexual and spo-
rogonic development of H. balfouri, a parasite of jerboas (Ja-
culus spp.) in 2 species of Haemolaelaps mites (Furman, 1966) 
was described outside mite cells. In addition, the description of 
sporogonic development in H. griseisciuri (Redington and Ja-
chowski, 1971), a species infecting the gray squirrel, in the mite 
Haemogamasus reidi, included a detailed investigation of gam-
onts' association and fusion, fertilization, and sporogony, which 
were not reported to take place in host cells. More recent stud-
ies of the sexual life cycle phases of Hepatozoon spp. that infect 
reptiles or anurans have described intracellular syzygy and early 
sporogony in hemocoel fat body cells of mosquito hosts (Low-
ichik et aI., 1993; Smith and Desser, 1997) or in mosquito Mal-
phigian tubule cells (Desser et aI., 1995). The diversity in the 
locations of early events in the life cycles of different Hepa-
tozoon spp. in invertebrate hosts, and in the morphological fea-
tures of the parasitic forms described, indicates that there is 
probably no one stereotypical pathway that is applicable to all 
species and that would be predictable also for H. canis. 
In.his study on the development of H. canis in R. sanguineus, 
Wenyon (1911) did not detail the sexual parts of the life cycle 
and presumed that it might be analogous to Miller's description 
for H. muris (Miller, 1908; Wenyon, 1926). Gamonts that had 
freed from leukocytes in the tick's gut were noted, and parasites 
within and between gut epithelial cells were further described, 
but it was not determined whether these parasites were gamonts 
or more developed life stages. These parasitic stages had tra-
versed the gut epithelium and continued to develop close to the 
gut folds (Wenyon, 1911). In the present study, syzygy was 
observed in hemocoel smears of ticks that had been injected 
with blood. This does not indicate that syzygy and gametogen-
esis do not occur under natural circumstances in the tick gut 
lumen or within gut cells. However, the high proportion (66%) 
of ticks that developed oocysts after percutaneous injection and 
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the probability that these injections mostly introduced gamonts 
into the hemocoel, and not into the gut, suggest that sexual 
development of H. canis can take place outside the gut lumen. 
The enlargement of H. canis oocysts, which nearly quadru-
pled their average diameter between day 5 postrepletion and 
day 35 postmolt, is in line with the findings of other studies 
that described rapid growth of oocysts in other Hepatozoon spp. 
(Furman, 1966; Redington and Jachowski, 1971; Bashtar et aI., 
1991; Mathew et al., 1999). In the present study, oocysts were 
not observed to be attached to the tick gut wall, as described 
for H. americanum (Mathew et aI., 1999); however, fragile 
bonding to the gut tissue might have been lost during the prep-
aration of hemocoel smears. The oocyst membrane seemed to 
thin and weaken in adult ticks that had fed, allowing tearing of 
the membrane and release of sporocysts. The oocyst membrane 
was seen to be clearly different from the rougher and mechan-
ically resistant sporocyst capsule, by both light microscopy and 
SEM. In studies on H. griseisciuri and H. americanum, the 
sporocyst capsule was found to break apart in the presence of 
bile and to allow sporozoite excystation (Redington and Ja-
chowski, 1971; Mathew et aI., 1999). This also could be the 
mechanism of excystation in other mammal-hosted spp. of He-
patozoon, including H. canis. 
The dispersion route of H. canis sporozoites in the dog's 
body after oral ingestion is unknown. It is not clear whether 
sporozoites penetrate the gut and disseminate hematogenously 
to their target organs or whether they are engulfed by a phago-
cytic host cell with which they migrate via the lymph or blood 
to other tissues. If the dispersion of sporozoites is hematoge-
nous, it is likely that merogony occurs initially in the liver, 
through which venous blood from the gastrointestinal tract 
passes before entering the general circulation, in which case 
sporozoites might be taken up by the liver phagocytic system. 
If so, then merogony in other tissues could be secondary to 
hepatic merogony, or it could derive from sporozoites that man-
aged to escape the liver phagocytic cells. Alternatively, initial 
merogony could occur in the gut lymph tissue or associated 
mesenteric lymph nodes. In the present study, the bone marrow 
was chosen as the site for cytological evaluation of H. canis 
development, because it has previously been shown to. be a 
major site for merogony (Wenyon, 1926; Baneth et al., 1995; 
Baneth and Weigler, 1997). Moreover, it was assumed that pen-
etration of leukocytes by sporozoites, and gamontogony took 
place in the bone marrow, where leukocytes are produced and 
merogony occurs. 
Two types of meronts, 1 type containing 2-4 macromero-
zoites and the other type with 20-30 micromerozoites, were 
observed in the present investigation. Micromerozoites are 
clearly the progenitors of gamonts, but the role of H. canis 
macromerozoites is less well understood. Smith and Desser 
(1998) showed that meronts of H. sipedon that contained ma-
cromerozoites preceded merogony with micromerozoites in the 
liver of experimentally infected Northern water snakes (Nerodia 
sipedon). Hepatozon sipedon macromerozoites that infected liv-
er epithelial cells were subsequently responsible for the devel-
opment of secondary meronts that contained micromerozoites, 
which eventually invaded the snake blood cells and transformed 
to gamonts. Krampitz and Haberkorn (1988) also have sug-
gested that H. erhardovae meronts with macromerozoites give 
rise to meronts containing micromerozoites. However, other 
studies that describe 2 types of meronts found in animals in-
fected with Hepatozoon spp. reported the simultaneous pres-
ence of both type of meronts in the tissues (Clark, 1958; Ball 
et al., 1967, 1969; Allison and Desser, 1981; Bashtar et al., 
1991; Paperna et al., 2002). The ability to determine whether 1 
type of meront precedes and gives rise to the other type depends 
on the study design, and it requires that the experimental in-
fection and sampling of the appropriate tissues be performed at 
the correct time. In the present study, it could not be determined 
whether the early meronts detected by bone marrow cytology 
at 13 days PI contained macro- or micromerozoites, because of 
their early developmental state, at which there were no defined 
internal merozoites. Both macro- and micromerozoites were si-
multaneously evident in the bone marrow at 26 days, and mer-
onts of both types were detectable by histopathology at 34 days 
PI. These findings suggest that both types of meronts are 
formed simultaneously in H. canis infection. However, if it is 
presumed that initial H. canis merogony takes place in the liver 
or in gut-associated lymph tissues directly after oral infection, 
and that merogony detected in other tissues is secondary to it, 
then the model in which meronts with macromerozoites precede 
those with micromerozoites also could be relevant for H. canis. 
Because in chronic natural infection of dogs, both types of mer-
onts are expected to be found simultaneously in tissues, only 
an experimental infection with biopsy of liver or gut tissues 
shortly after oral infection might confirm this hypothesis. 
We have previously reported monozoic cysts also in dogs 
naturally infected with H. canis (Baneth and Shkap, 2003). 
Similar small monozoic or dizoic cysts have been described in 
other Hepatozoon spp. (Landau et al., 1972; Michel, 1973; Des-
ser, 1990; Smith et al., 1994; Paperna et al., 2002). Tissue cysts 
of Hepatozoon spp. that infect reptiles and anurans have been 
associated with parasite transmission by predation (Landau et 
al., 1972; Smith et al., 1994). Transmission of Hepatozoon by 
consumption of a cyst-bearing transport host is an alternative 
pathway to the commonly recognized infection route: the in-
termediate host ingests an arthropod final host containing ma-
ture oocysts (Landau, 1973; Smith, 1996). Cysts with multiple 
layers of mucopolysaccharide material that encircle a zoite were 
described in the muscles of dogs infected with H. americanum 
(Vincent-Johnson et aI., 1997; Panciera et aI., 1999). It is not 
clear whether these unique large cysts are homologous to the 
H. canis small cysts, or whether they represent a different de-
velopmental stage. It is presently unknown whether transmis-
sion by predation occurs in the 2 species of Hepatozoon that 
iQfect domestic dogs. An attempt to infect 2 dogs by ingestion 
of muscle from dogs with natural H. americanum infection was 
unsuccessful (Nordgren and Craig, 1984), but given the carniv-
orous behavior of dogs, this mode of transmission is likely. 
Intrauterine transmission of H. canis from dam to pups has been 
reported (Murata, Inoue, Tateyama et aI., 1993) and should be 
considered as another potential mode of transmission when 
studying the epidemiology of canine hepatozoonosis. 
Gamontogony, with the invasion of leukocytes by micro-
merozoites and the transformation of the latter to gamonts, 
seems to be a rapid process. In the present study, mature gam-
onts were first seen in the blood 28 days PI, whereas in the 
bone marrow at 26 days PI only free merozoites and parasites 
that resembled merozoites in their shape and were in the pro-
cess of transforming to gamonts within leukocytes were ob-
served. The invasion of merozoites into leukocytes and the 
transformation to gamonts seems to take place in the visceral 
tissues and not in the blood circulation. Only mature gamonts, 
and not developing gamonts, were found in the blood of natu-
rally and experimentally infected dogs. It is presumed that mi-
cromerzoites that are released from mature meronts in the bone 
marrow invade young or maturing neutrophils and monocytes 
and release into the blood circulation. Another mechanism that 
could account for gamontogony in the spleen, lymph nodes, 
liver, and other tissues is recruitment of inflammatory cells to 
the site of merogony, in particular at the time of meront rupture. 
At that stage, merozoites that are freed from mature meronts 
can invade neutrophils and monocytes and transform into gam-
onts. A similar mechanism has been proposed for H. american-
um infection, in which merogony takes place mostly in muscle 
tissue, and the rupture of meronts seems to elicit an intense 
local inflammatory response. The local lesions evolve to vas-
cular granulomas in which merozoites enter leukocytes that 
subsequently circulate in the bloodstream (Ewing and Panciera, 
2003; Cummings et al., 2005). 
TEM of blood gamonts revealed typical Apicomplexa fea-
tures and organelles, including rhoptries, a polar ring, and a 3-
layer membrane (Patterson et aI., 1988). It is unlikely that H. 
canis stages other than gamonts were visualized by TEM from 
blood in the present study, first because no other life stage has 
been previously reported from dog's blood, and second because 
light microscopy of blood smears from the sample used for 
TEM showed large numbers of gamonts. The parasitophorous 
vacuole described by TEM in intracellularly located H. canis 
gamonts in other studies (Murata, Inoue, Kanoe et al., 1993; 
Hervas et al., 1997) and in H. americanum gamonts (Vincent-
Johnson et al., 1997) was not visualized in the present study. 
The parasitophorous vacuole is considered to be largely of host 
cell membrane origin, and it could have been disrupted and 
removed during the processing in the present study. An addi-
tional TEM study on H. americanum also failed to demonstrate 
a parasitophorous vacuole and suggested that this may indicate 
that the parasite actively penetrates the host cell membrane rath-
er then being engulfed by the host cell (Cummings et aI., 2005). 
The butterfly wing-shaped gamonts described by Hervas e~ al. 
(1997) in H. canis and by Droleskey et ai. (1993) in H. amer-
icanum but not by Murata, Inoue, Kanoe et al. (1993) were not 
observed in the present study. These butterfly wing shapes 
could be a result of shrinkage of the parasite within the host 
cell during processing for TEM. A taillike appendage described 
in H. americanum gamonts (Droleskey et aI., 1993; Vincent-
Johnson et aI., 1997; Cummings et aI.:-:2005) was not observed 
in the present study or in 2 other investigations of H. canis 
gamonts by TEM (Murata, Inoue, Kanoe et al., 1993; Hervas 
et aI., 1997). 
Some of the clinical signs found in the infected dogs in the 
present study could have been associated with the experimental 
nature of the infection and the high dose of infective inoculum 
that was administered. Under natural conditions, dogs would 
probably be exposed to a much smaller number of infective 
sporozoites. The young age of the dogs used in the present 
study might be another factor in the rapid onset of systemic 
infection, because an immature immune system might be less 
capable of defending the dog from hepatozoonosis (Hervas et 
aI., 1995). Hepatozoon canis parasitemia has been shown pre-
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viously in association with concurrent immunosuppressing 
pathogens (Haremlin et al., 1992; Baneth and Weigler, 1997; 
Baneth et aI., 1997) or steroid therapy (Baneth et aI., 2001). 
The elevated body temperatures found in 5 dogs were probably 
a manifestation of the systemic inflammatory response to wide-
spread merogony that took place in the dogs' hemolymphatic 
tissues at that time. Interestingly, the sternal recumbency, hy-
peresthesia, and reluctance to rise seen in 2 dogs were remi-
niscent of similar clinical findings in dogs with H. americanum 
infection (Macintire et aI., 1997; Mathew et al., 1998). The 
necropsy finding of periostitis in 1 of these dogs further 
strengthened this similarity. However, meronts were clearly vis-
ible in the periost of the experimentally H. canis-infected dog. 
Although periosteal proliferation has been a major finding in 
dogs and coyotes infected with H. americanum, no visible par-
asites have been reported in the periosteum of these animals 
(Kocan et al., 2000; Panciera et al., 2000; Ewing and Panciera, 
2003). Additionally, the hallmark of H. americanum infection 
is myositis with parasitic cysts in striated muscle and parasite-
associated pyogranulomas (Vincent-Johnson et aI., 1997). In the 
present study, although skeletal muscle specimens were exam-
ined, parasites were not detected in them. It is not known what 
caused the diffuse myocardial degeneration and calcification 
found in dog no. 5, but it could not be attributed directly to the 
presence of H. canis in the cardiac muscle, because no parasites 
were detected in the affected tissue. The hemolymphatic organs 
in which H. canis was detected in the present experimental 
study are also the main tissues in which it has been reported in 
naturally occurring cases (Wenyon, 1911; Harmelin et al., 1992; 
Hervas et aI., 1995; Baneth and Weigler, 1997), which helps to 
confirm the validity of the experimental transmission and its 
relevance to the understanding of the process of natural infec-
tion with H. canis. Seroconversion, which occurred in all the 5 
dogs tested in the present study, provided evidence of an im-
munological response to infection, which also was found in 
previous studies in naturally infected dogs (Shkap et al., 1994; 
Baneth et al., 1996). 
The present study elucidates the development of H. canis in 
the tick and in the dog by focusing on the sequence and timing 
of merogony, gamontogony, gametogenesis, and sporogony. It 
describes the life stages of H. canis and follows the morpho-
logical changes that occur during their development. In addi-
tion, it attempted to improve our understanding of the functions 
of these stages and their roles in the life cycle of this parasite. 
Future studies on specific parts of the life cycle, such as ga-
metogenesis and invasion of the guts of the final and interme-
diate hosts, will broaden our understanding of the pathogenesis 
of canine hepatozoonosis. 
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SMALL FROGS GET THEIR WORMS FIRST: THE ROLE OF NONODONATE ARTHROPODS 
IN THE RECRUITMENT OF HAEMATOLOECHUS COLORADENSIS AND 
HAEMATOLOECHUS COMPLEXUS IN NEWLY METAMORPHOSED NORTHERN LEOPARD 
FROGS, RANA PIPIENS, AND WOODHOUSE'S TOADS, BUFO WOODHOUSII 
Matthew G. Bolek and John Janovy, Jr. 
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588. e-mail: mbolek@unlserve.unl.edu 
ABSTRACT: Studies on the life cycles and epizootiology of North American frog lung flukes indicate that most species utilize 
odonates as second intermediate hosts; adult frogs become infected by ingesting odonate intermediate hosts, Newly metamor-
phosed frogs are rarely infected with these parasites, predominantly because they are gape-limited predators that cannot feed on 
large intermediate hosts such as dragonflies. We examined the role of the frog diet and potential intermediate hosts in the 
recruitment of the frog lung fluke, Haematoloechus coloradensis, to metamorphosed northern leopard frogs (Rana pipiens), 
Woodhouse's toads (Bufo woodhousii), and bullfrogs (Rana catesbeiana) from western Nebraska. Because of the uncertain validity 
of H. coloradensis as a distinct species from Haematoloechus complexus, morphological characters of both species were reeval-
uated and the life cycles of both species were completed in the laboratory. The morphological data on H. coloradensis and H. 
complexus indicate that they differ in their oral sucker to pharynx ratio, uterine loop distribution, and placement of vitelline 
follicles. However, in terms of their life cycles, both species are quite similar in their use of physid snails as first intermediate 
hosts, a wide range of nonodonate and odonate arthropods as second intermediate hosts, and leopard frogs and toads as definitive 
hosts. These results indicate that H. coloradensis and H. complexus are generalists at the second intermediate host level and 
might be able to infect newly metamorphosed leopard frogs and toads by using small nonodonate arthropods more commonly 
than other frog lung fluke species. Comparisons of population structure of adult flukes in newly metamorphosed leopard frogs 
indicate that the generalist nature of H. coloradensis metacercariae enables it to colonize young of the year leopard frogs more 
commonly than other Haematoloechus spp. that only use odonates as second intermediate hosts. In this respect, the generalist 
nature of H. coloradensis and H. complexus at the second intermediate host level is an avenue for the colonization of young of 
year frogs. 
Amphibian parasites are good model systems to address 
questions of parasite life cycle diversity and evolution. Recent 
comparative studies on amphibian parasite life cycles, recruit-
ment, and community structure in anuran hosts by Bolek and 
Coggins (1998, 2000, 2001, 2003), Hardin and Janovy (1988), 
Muzzall and coworkers (Muzzall, 1991; Muzzall and Peebles, 
1991; Gillilland and Muzzall, 1999; Muzzall et aI., 2001), Sny-
der and Janovy (1994, 1996), and McAlpine (1997), have pro-
vided baseline data on the distribution, demography, field host 
specificity, and life history of amphibian parasites. These stud-
ies indicate that the parasite communities of aquatic and semi-
aquatic anurans are dominated by digenetic trematodes with 
complex life cycles, whereas the parasite communities of ter-
restrial anurans are dominated by nematodes which are acquired 
directly from the soil. Semiterrestrial frogs have fewer adult 
digenetic trematodes and direct life cycle nematodes than do 
aquatic or semiaquatic and terrestrial anurans. More important, 
these studies also indicate that within individual anuran species, 
newly metamorphosed and juvenile anurans are less commonly 
infected with parasites than are larger adult frogs. 
Numerous hypotheses have been#&dvanced for the lack of 
parasites in small anurans and include such causal factors as 
lack of time for exposure to parasites, a small body size, which 
affects the surface area available for skin-penetrating parasites, 
and small gape size, which affects the size of potential inter-
mediate hosts that can be ingested by these frogs. The few 
studies that exist on newly metamorphosed northern leopard 
frogs (Rana pipiens), a semiterrestrial anuran and terrestrial 
toads (Bufo spp,) from Canada and the upper midwestern Unit-
ed States, indicate that young of the year frogs and toads are 
rarely if ever infected with adult trematodes such as lung flukes 
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(McAlpine, 1997; Gillilland and Muzzall, 1999; Bolek and 
Coggins, 2003). Contrary to these studies, our observations 
from western Nebraska indicate that in an arid environment, 
newly metamorphosed northern leopard frogs are commonly 
infected with Haematoloechus coloradensis (Cort, 1915), with 
prevalence reaching over 50%. These observations are intrigu-
ing from the perspective of complex life cycle evolution be-
cause this trematode is acquired through the frogs' diet and, 
therefore, should not be expected in newly metamorphosed 
leopard frogs that are gape-limited predators (Dronen, 1975; 
Bolek and Coggins, 2003). These observations suggest that dif-
ferences in host and or parasite life histories may be important 
in parasite population structure and influence selective pressures 
on parasite life cycle evolution. 
Studies on the life cycles and epizootiology of North Amer-
ican frog lung flukes indicate that, in general, adult frogs be-
come infected by ingesting odonate intermediate hosts (Krull, 
1930, 1931,1932,1933,1934; Ingles, 1933; Schell, 1965; Dro-
nen, 1975; Kennedy, 1980). More recently, studies by Snyder 
and Janovy (1994, 1996) on 4 common frog lung flukes from 
Nebraska show that host specificity at the first and second in-
termediate host level can be variable among these parasite con-
geners, indicating that life cycles of closely related species 
could differ in evolutionarily significant ways. Because of re-
cent confusion in the literature on the taxonomy of H. colora-
densis and Haematoloechus complexus, as seen in papers by 
Kennedy (1981) and Le6n-Regagnon and Brooks (2003), and 
the current synonymy of these 2 species by Kennedy (1981), it 
is unclear whether Snyder and Janovy (1994) were dealing with 
H. complexus or H. coloradensis, The morphology and life cy-
cles of these parasites, therefore, must be re-evaluated. 
In this study, our 5 main goals are (1) to determine the pop-
ulation structure of frog lung flukes in newly metamorphosed 
northern leopard frogs, newly metamorphosed Woodhouse's 
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toads (Bufo woodhousii), and 3 other anuran species from west-
ern Nebraska; (2) to determine the second intermediate arthro-
pod hosts that serve as a route of infection for H. coloradensis 
to newly metamorphosed leopard frogs and toads in the field; 
(3) to re-evaluate the second intermediate host specificity of H. 
complexus; (4) to test whether nonodonate arthropods serve as 
a viable route of infection for H. coloradensis and H. complexus 
to newly metamorphosed frogs and toads; and (5) to re-evaluate 
the diagnostic characteristics of H. coloradensis and H. com-
plexus. 
MATERIALS AND METHODS 
Haemat%echus c%radensis field studies 
During July-August 2001, 142 young of the year northern leopard 
frogs, were collected from Cedar Creek, Keith County, Nebraska 
(41. 18639°N, 101.36276°W), and examined for Haematoloechus spp. 
Stomach content data were also obtained. All frogs were placed on ice 
as they were being collected and brought into the laboratory. Frogs were 
killed, the snout vent length (SVL) was measured, and the frogs were 
examined for parasites and stomach content data within 1-4 hr of col-
lection. Trematodes were removed from the lungs, allowed to release 
eggs in water, and fixed in alcohol-formalin-acetic acid (AFA); repre-
sentative specimens were stained with Seminchon's acetocarmine 
(Pritchard and Kruse, 1982). All lung flukes were identified on the basis 
of the description for H. coloradensis by Cort (1915), H. complexus by 
Krull (1933), Haematoloechus longiplexus and Haematoloechus medi-
oplexus by Stafford (1902), and Haematoloechus parviplexus by Irwin 
(1929). All stomach contents were identified as specifically as possible, 
and all intact stomach content remains were measured to the nearest 0.5 
mm. Stomach content data were grouped as frequencies of individuals 
ingested according to order, class, or subclass and aquatic or terrestrial 
ecological habitats. Invertebrates from stomach contents of frogs were 
identified to family, genus, or species with keys in Borror et aI. (1989), 
Merritt and Cummins (1996), Westfall and May (1996), Dunkle (2000), 
Needham et al. (2000), and Thorp and Covich (2001). 
Additionally, 62 naturally infected frogs collected from August-Sep-
tember 2001 were maintained in the laboratory for 4-6 wk to allow 
enough time for all immature specimens of Haematoloechus spp. nat-
urally infecting these frogs to mature. Frogs were maintained in groups 
of 5 individuals in small plastic boxes (33 X 9 X 14 cm) on moist 
paper towels and fed commercially reared crickets 3 times per week. 
Frogs were also sampled from Cedar Creek and Breen's Flyway (a 
pond adjacent to Cedar Creek, 41.18080oN, 101.57973°W) during 
2002-2004 and measured and examined for frog lung flukes. These 
specimens included 25 northern leopard frogs collected during Seprem-
ber 2002; 40 northern leopard frogs and 2 bullfrogs collected during 
August-September 2003; and 20 northern leopard frogs, 25 metamor-
phosed Woodhouse's toads, and 10 metamorphosed and adult bullfrogs 
(Rana catesbeiana) collected during June-September 2004. 
To determine what second intermediate hosts served as reservoirs of 
infections for metamorphosed northern leopard frogs at Cedar Creek 
during 2001, numerous arthropods were sampled during June-August 
2001 from this location. All aquatic and ~JI1iaquatic arthropods were 
collected by the use of a dip-net, stored in buckets without snails, and 
brought into the laboratory. Adult odonates were collected with a but-
terfly net, then immediately placed on ice in plastic jars, and brought 
back to the laboratory. All adult odonates and aquatic arthropods were 
isolated within 1 hr of collection, identified, and examined for the pres-
ence of metacercariae. Aquatic and semiaquatic arthropods collected 
from Cedar Creek were identified to family, genus, or species with keys 
in Borror et aI. (1989), Merritt and Cummins (1996), Westfall and May 
(1996), Dunkle (2000), Needham et al. (2000), and Thorp and Covich 
(2001). 
The following measures of parasitism were calculated for the various 
amphibians and invertebrates examined (Margolis et aI., 1982): preva-
lence, the percentage of infected organisms in a sample; mean intensity, 
the mean number of worms per infected host; mean abundance, the 
mean number of individuals of a particular parasite species per organism 
of a particular species examined, including infected and noninfected 
individuals; or a combination of these measures. Values are reported as 
a mean:!: 1 SD. 
Haemat%echus c%radensis snail first intermediate host 
infections 
Adult H. coloradensis flukes were obtained from wild-caught north-
ern leopard frogs from Cedar Creek. Worms were placed in 70-ml plas-
tic containers containing aged tap water and allowed to release their 
eggs. Worms were then fixed in AFA, stained, and identified to species. 
Colonies of Physa (Physella) gyrina snails were established in the lab-
oratory from wild strains collected from Nickol Pond in Cass County, 
Nebraska (40.81412°N, 96.46000OW). Snails were maintained on a diet 
of frozen mustard greens and Tetra Min® fish food. Snails were reared 
from eggs for a period of 6 wk in the laboratory and then infected with 
H. coloradensis eggs by placing individual snails into 70-ml plastic 
containers with H. coloradensis eggs and Tetra Min fish food for 5 min. 
All snail feces were then checked for hatched H. coloradensis eggs. 
Exposed snails were maintained for a period of 30 days, and all sur-
vivors were isolated in 1.5-ml well plates filled with aged tap water and 
observed daily for shedding cercariae. 
Haemat%echus c%radensis nonodonate arthropod second 
intermediate host infections 
Adult male giant water bugs (Hemiptera: Belostoma sp.) covered with 
eggs were collected from Nickol Pond and brought into the laboratory 
and placed in individual white 22.7-L buckets. Once hatched, young 
belostomatid bugs were individually isolated in 1.5-ml well plates filled 
with aged tap water and fed chironomid larvae daily. Three additional 
nonodonate arthropod species (Diptera: Tanytarsus sp., Ephemeroptera: 
Callibaetis sp., and Crustacea: Hyalella azteca) used in the second in-
termediate host infections came from a variety of natural populations, 
including the toe drains of Lake McConaughy, Keith County, Nebraska 
(41.23218~, 101.66973°W), and Dunwoody Pond, Keith County, Ne-
braska, (41.21527~, 101.5784°W). Larval eastern pondhawk dragon-
flies (Erythemis simplicicollis) collected from Dunwoody Pond were 
also exposed to H. coloradensis cercariae as positive controls. Nono-
donate arthropods and dragonflies were divided into 3 equal groups and 
designated as time 0 controls, experimental, or time t controls. Nono-
donate arthropods were isolated in 1.5-ml well plates, whereas drag-
onflies were isolated in 5-ml well plates filled with aged tap water for 
24 hr before exposure. Time 0 controls were dissected at the beginning 
of the experimental infections, whereas time t controls were maintained 
throughout the duration of the experiment and dissected along with the 
experimental group. For infections, approximately 20-50 cercariae of 
H. coloradensis from lab-reared and infected P. gyrina snails were pi-
petted into each well that contained an experimental nonodonate and 
odonate arthropod. After exposure to cercariae, water was changed daily 
for a period of 4 days, after which time all surviving experimentally 
exposed arthropods and time t control arthropods were dissected in in-
sect saline and inspected for the presence of H. coloradensis metacer-
cariae. Cercariae attachment and penetration behavior was observed on 
a number of nonodonate and odonate arthropods, including dragonfly 
and damselfly larvae. 
Haemato/oechus c%radensis frog definitive host infections 
Young tadpoles (Gosner stage 26-30) of northern leopard frogs were 
collected from Cedar Creek and maintained in the laboratory in 
45.5-L tanks filled with aged tap water for a period of 6 wk through 
metamorphosis. Tadpoles were maintained on a diet of frozen mustard 
greens and Tetra Min fish food, whereas metamorphosed frogs were fed 
commercial lab-reared crickets (Gryllus firmus) and tenebrionid beetle 
(Tenebrio molitor) adults and larvae. Lab-reared northern leopard frogs 
were each exposed to H. coloradensis metacercariae reared in nono-
donate arthropods. All arthropods were dissected in insect saline (Hoar 
and Hickman, 1967). On removal from the nonodonate arthropod hosts, 
metacercariae were divided into groups of 10-15 in insect saline. Ten 
to 15 metacercariae were drawn into a pipette and placed into the esoph-
agus of an experimental frog and forced down its throat. The pipette 
was then examined under a dissecting microscope to confirm that no 
metacercariae remained. Exposed frogs, along with noninfected time t 
controls, were maintained in groups of 2-4 individuals in 45.5-L tanks 
on moist sand or gravel. They were fed commercial crickets and tene-
• 
302 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.2, APRIL 2007 
brionid beetles daily for a period of up to 30 days, at which time they 
were killed, necropsied, and examined for frog lung flukes. 
Additionally, 3 lab-reared northern leopard frogs, 3 lab-reared bull-
frogs, and 2 field-collected Woodhouse's toads, along with 10 time 0 
controls, and 10 time t controls collected from Beckius Pond, Keith 
County, Nebraska (41.20835°N, 101.61777"W), were used for experi-
mental infections with H. coloradensis. Amphibians were infected with 
5-10 metacercariae of H. coloradensis from laboratory-infected drag-
onflies, Erythemis simplicicollis, collected from Dunwoody Pond in 
Keith County, Nebraska. Frogs and toads were maintained in the lab-
oratory on a diet of commercial crickets for 20-30 days, when they 
were killed and examined for H. coloradensis infections. 
Haematoloechus complexus life cycle studies 
Because of high mortality of experimentally infected snails, naturally 
infected snails were collected from Pawnee Lake, Lancaster County, 
Nebraska (40.843 lOoN, 96.857000 W). During 2001-2005, 399 frogs and 
toads of 6 species were examined from this location; H. coloradensis 
was never in these amphibians (Bolek, 2006). The only frog lung fluke 
that uses physid snails as first intermediate hosts at this location is H. 
complexus. Fifty P. gyrina snails were collected by dip-net and were 
individually isolated in 1.5-ml well plates filled with aged tap water. Of 
these, I snail shed Haematoloechus sp. cercariae. Three nonodonate 
arthropod species (Diptera: Tanytarsus sp., Ephemeroptera: Callibaetis 
sp., and Crustacea: Hyalella azteca) along with eastern pondhawk drag-
onflies used in the second intermediate host infections, came from a 
variety of natural populations collected from toe drains of Lake Mc-
Conaughy, Keith County, Nebraska, and Dunwoody Pond, Keith Coun-
ty, Nebraska. These arthropods were divided into 3 equal groups and 
designated as time 0 controls, experimental, or time t controls and were 
isolated in 1.5-ml well plates filled with aged tap water for 24 hr before 
exposure. All arthropod infections followed the same procedure as pre-
viously described for H. coloradensis. To be sure that cercariae shed 
by the single P. gyrina were H. complexus, 4 newly metamorphosed 
Woodhouse's toads along with 10 time 0 and 10 time t controls collected 
from Beckius Pond, Keith County, Nebraska, were used for definitive 
host infections. The 4 experimental toads were each given 5-10 H. 
complexus metacercariae from laboratory-infected nonodonate arthro-
pods. Toads were maintained in the laboratory on a diet of tenebrionid 
beetle larvae for 20-30 days, when they were killed and examined for 
H. complexus infections. 
Other amphibian field surveys 
During May-September 2000-2004, an additional 57 adult bullfrogs 
and 2 adult plains leopard frogs (Rana blairi) were collected from Nev-
ens Pond, Keith County, Nebraska (41.20710oN, 101.408500 W) and 3 
adult plains leopard frogs and 10 adult plains spadefoot toads (Spea 
bombifrons) were collected from Cedar Point Biological Station, .Keith 
County, Nebraska (41.21051°N, 101.522200 W) and examined for frog 
lung flukes. Voucher specimens of lung flukes have been deposited in 
the H. W. Manter Parasitology Collection, University of Nebraska, Lin-
coln, Nebraska (accession numbers HWML 48430, H. coloradensis, 
48429 H. complexus, 48432 H. longiplexus, 48431 H. medioplexus, and 
48433 H. parviplexus). 
Morphological studies 
# , 
Morphological data were collected on 20 H. coloradensis worms 
from northern leopard frogs, plains leopard frogs, and Woodhouse's 
toads, and 20 H. complexus worms from northern leopard frogs, plains 
leopard frogs, Woodhouse's toads, and green frogs (Rana clamitans me-
lanota). Worms used for morphological analysis were collected from a 
number of locations in Indiana, Nebraska, and Wisconsin. These in-
cluded 3 H. coloradensis collected from plains leopard frogs from Nev-
ens Pond and Cedar Point Biological Station, Keith County, Nebraska, 
and 7 H. coloradensis collected from northern leopard frogs from Cedar 
Creek, Keith County, Nebraska; 1 H. complexus collected from a north-
ern leopard frog from West Lafayette, Tippecanoe County, Indiana 
(40.44472°N, 86.99024°W); 15 H. complexus from plains leopard frogs 
collected from Pawnee Lake, Nebraska; 1 H. complexus from an ex-
perimentally infected Woodhouse's toads from Nebraska; and 2 H. com-
plexus worms from green frogs collected from Genesse Depot, Wau-
kesha County, Wisconsin (42.98984°N, 88.36634°W). Additionally, to 
obtain a better geographical representation H. coloradensis and H. com-
plexus, voucher specimens collected by Dan Brooks were borrowed 
from the H. W. Manter Laboratory, University of Nebraska State Mu-
seum. These included, H. coloradensis: HWML 20134 from a northern 
leopard frog from Antelope County, Nebraska (42. I 4764°N, 
98.048055°W), 2 slides; HWML 20135 from a northern leopard frog 
from Saunders County, Nebraska (41.3125°N, 96.69583°W), 2 slides; 
HWML 20136 from a northern leopard frog from Dawes County, Ne-
braska (42.773055°N, 103.066385°W), 3 slides; and HWML 20137 
from a northern leopard frog from Dawes County, Nebraska 
(42.699865°N, 103.272775°W), 3 slides, and H. complexus HWML 
20132 from a plains leopard frog from Lancaster County, Nebraska 
(40.79 1 665°N, 96.675°W), 1 slide, and HWML 20170 from a plains 
leopard frog from Jefferson County, Nebraska (40.234865°N, 
97.069305°W), 1 slide. On the basis of recent and past Haematoloechus 
sp. description by Brooks (1976) and Leon-Regagnon et al. (2001, 
2002), the following characters were recorded: (1) body shape, body 
length, and body width; (2) oral sucker location, length, and width; (3) 
pharynx length and width; (4) oral sucker/pharynx ratio (OS/PH); (5) 
acetabulum length from anterior end and acetabulum length and width; 
(6) oral sucker/acetabulum ratio (OS/AC); (7) testes morphology and 
location; (8) ovary morphology and location; (9) cirrus sac position and 
location; (10) uterus and uterine loop morphology; (11) vitellaria num-
ber and location; and (12) egg length and width. Student's 2-tailed 
t-test was used to compare morphological characteristics between H. 
coloradensis and H. complexus. An approximate r: -test was calculated 
when variances were heteroscedastic (Sokal and Rohlf, 1981). Figures 
were drawn of representative worms with the aid of a camera lucida. 
RESULTS 
Haematoloechus coloradensis field studies 
Mean ± SD SVL of the 142 northern leopard frogs collected 
during July-August 2001 was 3.85 ± 0.72 cm; range 2.3-8.3 
cm. Seventy-five of 142 (53%) frogs were infected with frog 
lung flukes, with a mean abundance of 3.7 ± 7.3 (range 0-44). 
In total, 530 worms were recovered--491 immature and 39 ma-
ture-indicating that frogs were recruiting parasites during the 
collection period. Seasonally, worms became gravid by mid-
August. There was a statistically significant difference in the 
mean intensity of worms recovered from frogs that contained 
immature worms versus frogs infected with gravid worms. Most 
frogs contained nongravid worms during 24 July-8 August, 
with a single frog having 1 gravid worm, whereas most frogs 
contained gravid worms on August 16, with a single frog hav-
ing 3 immature worms (Fig. 1; t; =3.41, P < 0.001). Addi-
tionally, of the 62 frogs maintained in the laboratory for a pe-
riod of 4-6 wk, 30 (48%) were infected with 4 immature and 
60 mature (mean intensity [MI] = 2.13 ± 1.33) H. coloraden-
sis, indicating that only 1 species of frog lung fluke infected 
this frog population. Stomach contents data were obtained from 
139 of 142 (98%) frogs, with a total of 576 individual inver-
tebrates recovered. Sixteen different groups of aerial, terrestrial, 
and aquatic invertebrates were recovered, with odonates making 
up 0.7% of the total diet (Fig. 2). The average size of inverte-
brates ingested by these frogs was 6.8 mm (range 0.5-18 mm), 
with all large invertebrates ingested being soft-bodied oligo-
chaetes or lepidopteran larvae. 
In total, 320 aquatic and semiaquatic arthropods were col-
lected, including larval and adult dragonflies and damselflies, 
adult coleoptera, larval diptera, larval ephemeroptera, adult 
hemiptera, and adult amphipoda. Of these, larval and adult 
dragonflies and damselflies were infected; coleoptera, ephem-
eroptera, hemiptera, and amphipoda were also infected with 
Haematoloechus sp. metacercariae. All metacercariae were 10-
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FIGURE 1. Mean intensity of immature and gravid Haematoloechus 
coloradensis recovered from northern leopard frogs infected with pre-
dominantly immature worms during late luly-early August and predom-
inantly gravid worms during mid-August 2001. 
cated in the head, legs, and hemocoel of the arthropods sam-
pled, with prevalence ranging from as high as 94% in larval 
dragonflies to as low as 0% in dipteran larvae (Table I). None 
of the metacercariae were encapsulated by the arthropod host. 
These naturally infected arthropods potentially made up 11.5% 
of the stomach content data of frogs sampled from this location 
(Fig. 2). 
Mean SVL of the 25 northern leopard frogs collected during 
September 2002 was 4.05 ± 0.59 cm (range 3.3-6.5 cm); of 
these, 22 of 25 (88%) frogs were infected with H. coloradensis, 
with a mean abundance of 5 ± 4.46 (range 0-16). Mean SVL 
of the 40 northern leopard frogs collected during May-Septem-
ber of 2003 was 4.45 ± 0.77 cm (range 3.5-6.5 cm); of these, 
27 of 40 (68%) northern leopard frogs were infected with H. 
coloradensis, with a mean abundance of 2.83 ± 3.35 (range 
0-16). Two of 40 (5%) northern leopard frogs were infected 
with H. medioplexus, with a mean abundance of 0.5 ± 3 (range 
0-19). Additionally, 1 of 2 (50%) bullfrogs (SVL 5.5-6.0 cm) 
was infected with 19 H. parviplexus. Mean SVL of the 20 
northern leopard frogs, 25 Woodhouse's toads, and 10 bullfrogs 
collected during July-September 2004 was 4.67 ± 1 (2.6-6.2) 
cm, 1.6 ± 0.5 (1-2.8) cm, and 7.6 ± ~:1 (4.5-10) cm, respec-
tively. Three Haematoloechus spp. were recovered from these 
anurans. Northern leopard frogs shared H. coloradensis with 
Woodhouse's toads, whereas bullfrogs were infected with H. 
parviplexus and shared H. longiplexus with northern leopard 
frogs. 
Haematoloechus coloradensis laboratory life cycle 
studies 
Surviving lab-reared and -infected snails began shedding cer-
cariae after a period of 30 days and continued to shed cercariae 
for up to 2 wk, when observations were stopped. Metacercariae 
of H. coloradensis developed in all 4 species of nonodonate 
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FIGURE 2. Stomach contents frequency data for 142 young of year 
(YOY) northern leopard frogs indicating the potential intermediate hosts 
for Haematoloechus coloradensis recovered from Cedar Creek, Keith 
County, Nebraska, during 2001. Note that odonates (arrow) make up 
only 0.7% of the diet. 
arthropod hosts exposed, although not all exposed individuals 
became infected. Prevalence ranged from a high of 80% for 
ephemeropterans to a low of 20% for amphipods (Table II). Ten 
of 10 (100%) dragonflies became infected with H. coloradensis. 
Additionally, 2 chironomid larvae metamorphosed on the day 
of necropsy; I of these insects was infected with a single H. 
coloradensis metacercaria. None of the metacercariae were en-
capsulated by any of the arthropod hosts. No Haematoloechus 
metacercariae were observed in any of the time 0 or time t 
control groups. Four of 6 (67%) lab-reared northern leopard 
frogs given 10-15 H. coloradensis metacercariae from nono-
donate hosts became infected, with a mean intensity of 1.75 ± 
1 (range 1-3), whereas none of the 6 time t control lab-reared 
northern leopard frogs were infected. 
Additionally, when given metacercariae from experimentally 
infected dragonfly larvae, 3 of 3 (100%) northern leopard frogs 
became infected with 1,2, and 3 H. coloradensis, 1 of 2 (50%) 
Woodhouse's toads were infected with 3 H. coloradensis, but 
none of the 3 (0%) bullfrogs became infected. 
Observations on the behavior of H. coloradensis cercariae 
indicated that cercariae stopped swimming on contact with the 
arthropod host. Cercariae attached to the arthropod with their 
ventral sucker and began to crawl along the surface of the ar-
thropod body with the aid of their ventral and oral suckers (Fig. 
3). Once cercariae encountered an intersegmental membrane, 
they began to thrust the stylet into the membrane. Some of these 
were observed to drop their tails, pierce the intersegmental 
membrane, enter, and develop to the metacercaria stage (Fig. 
3). 
Haematoloechus complexus life cycle studies 
Metacercariae of H. complexus developed in all 3 species of 
nonodonate arthropod hosts exposed, although not all exposed 
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TABLE I. Prevalence, mean intensity, mean abundance, total number, and location of Haematoloechus spp. metacercariae in 320 arthropods collected 
from Cedar Creek, Keith County, Nebraska. 
Family, genus, 
or species of 
arthropods examined 
Insecta 
Odonata: Anisoptera 
Larva Anax Junius 
Adult Anisoptera 
Libellulidae* 
Odonata: Zygoptera 
Larva Zygoptera 
Coenagrionidaet 
Insecta 
Adult Zygoptera 
Hetaerina americana 
Coleoptera: Hydrophilidae 
Hemiptera: Belostoma sp. 
Ephemeroptera:j: 
Oiptera: Stratiomyidae larva 
Crustacea 
Amphipoda: 
Hyalella azteca 
Prevalence (no. 
infected/no. 
examined) 
94 (15116) 
7 (6/81) 
67 (10115) 
48 (13/27) 
II (3/27) 
9 (3/33) 
10 (4/42) 
o (0/9) 
4 (3170) 
Mean 
intensity:!: 
SO (range) 
19.7 :!: 11.3 (1-38) 
4.1 :!: 4.7 (1-12) 
3.9 :!: 3.1 (1-11) 
2.4 :!: 2 (1-6) 
2.3 :!: 1.5 (1-4) 
1 :!: 0 (I) 
3.5 :!: 1.7 (1-5) 
1.6 :!: 0.6 (1-2) 
Mean 
abundance 
:!: I SO 
18.5 :!: 12 
0.3 :!: 1.6 
2.6 :!: 3.1 
1.1 :!: 1.8 
0.3 :!: 0.9 
0.09 :!: 0.3 
0.3 :!: 1.1 
o :!: 0 
0.07 :!: 0.4 
No. of 
metacercariae 
recovered 
296 
25 
39 
31 
II 
3 
14 
0 
5 
Location 
in host 
Head, thorax, leg 
Head, thorax, leg 
Head, thorax, leg 
Head, thorax, leg 
Thorax 
Head and thorax 
Head, thorax, and gills 
Not found 
Cephalothorax, leg 
* Erythemis simplicicollis (0/3), Libellula luctuosa (011), Plathemis lydia (0/3), Sympetrum occidentale (6171), Sympetrum semicinctam (0/1), Sympetrum rubicundulum 
(011), and Sympetrum vicinum (011). 
t Amphiagrion abbreviatum (10114) and lschnura verticalis (011). 
:): Callibaetis sp. (0/20) and Caenis sp. (4122). 
individuals became infected. Prevalence ranged from a high of 
67% for chironomids to a low of 21 % for amphipods. Meta-
cercariae were located in the head, hemocoel, prolegs, legs, and 
anal gills of the arthropod hosts. Metacercariae were not en-
capsulated in any of the arthropod hosts except for a single 
Callibaetis sp., which encapsulated and destroyed all of the 
metacercariae (Fig. 4). Additionally, 4 of 10 (40%) dragonflies 
became infected with H. complexus (Table III). Two of 4 (50%) 
toads became infected with a total of 5 H. complexus, 2 of 
which were adults. No time 0 or time t control arthropods or 
amphibians were infected. 
Other amphibian field surveys 
Of 57 bullfrogs, 5 plains leopard frogs, and 10 plains spade-
foot toads examined from Nevens Pond and Cedar Point Bio-
TABLE II. Prevalence, mean intensity, mean abundance, total number, and location of Haematoloechus coloradensis metacercariae recovered 4 
days postexposure in experimentally infected nonodonate arthropods. 
Species of 
arthropods 
exposed 
Hemiptera: 
Belostomatidae 
Belostoma sp. 
Oiptera: 
Chironomidae 
Tanytarsus sp. 
Ephemeroptera: 
Baetidae 
Callibaetis sp. 
Crustacea 
Amphipoda 
Hyalella azteca 
Prevalence (no. 
infected/no. 
exposed survivors) 
. , 
25 (5/20) 
29 (16/55) 
80 (811 0) 
20 (2110) 
Mean 
intensity:!: 
SO (range) 
1.8 :!: 1.3 (1-4) 
4.2 :!: 4.0 (1-15) 
5.5 :!: 4.5 (1-14) 
1.5 :!: 0.7 (1-2) 
Mean 
abundance 
:!: 1 SO 
0.45 :!: 1 
1.2 :!: 2.9 
4.4 :!: 4.6 
0.3 :!: 0.7 
No. of 
metacercariae 
recovered 
9 
67 
44 
3 
Location 
in host 
Head, thorax, leg 
Head, thorax, anal gill 
Head, thorax, leg, gill 
Cephalothorax, leg 
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logica l Station, 74% of bullfrogs and 60% of plains leopard 
frogs were infected with lung flukes, but none of the plains 
padefoot toads were infected. Fifty-eight percent of bullfrogs 
were infected with H. longiplexus, with a mean inten ity of 18.6 
± 18.4, and 12% of bullfrogs were infected with H. parviplex-
us , with a mean intensity of 19.9 ± 2S.S, whereas all infected 
plains leopard frog were infected with H. coloradensis, with a 
mean inten ity of 1.3 ± 0.6. Overall prevalence and mean in-
tensity of Haematoloechus spp. recovered from the S anurans 
sampled from K eith County, ebra ka, during 2000- 2004 are 
given in Table IV. 
Morphological analysis/diagnostic characteristics 
Haematoloechus coloradensis (Cort, 1915) Ingles, 1932 (Fig . 
5): On the basis of 20 mature specimens, body elongate, 4. 18-
7.28 mm long by 0.82- I.SS mm wide. Oral ucker subterminal 
and oval 300- S00 J.Lm long by 220- 420 J.Lm wide. Pharynx 
180-340 J.Lm long by 190- 330 J.Lm wide. Oral sucker/pharynx 
width ratio 1.04- 1.43. Oral sucker/pharynx length ratio 1.2-
1.77. A cetabulum 24- S0% body length from anterior end, 
round to oval 230- 340 J.Lm long by 200- 380 J.Lm wide. Oral 
sucker/acetabulum ratio 0.88-1.3 1. Teste round to oval posi -
tioned in tandem in midhindbody, anteri or testis 3S0- 600 J.Lm 
long by 3 1O- 7S0 J.Lm wide and posterior testis 400- 6S0 J.Lm 
long by 380- 720 J.Lm wide. Cirrus sac long, extending to level 
of acetabulum. Genital pore ventral to pharynx. O vary oval , 
rarely round po terior or dorsolateral to acetabulum 130- S80 
J.Lm long by 70- 4S0 J.Lm wide. Uteru with intercecal loops, 
never extend ing past ceca at posterior testi . Vitellaria acinous, 
fo llicu lar forming clusters, distribution differing on each side 
of body. On ovarian side 7- 10 extracecal clusters, rarely I in-
traceca l cluster in anterior part of body. On oppos ite side of 
body 7- 12 extracecal c lusters, rarely I or 2 intracecal c1u ters 
in posterior end of body. Eggs 30- 37.S J.Lm long by IS- 2 1 J.Lm 
wide. 
Haematoloechus complexus (Seely, 1906) Krull, 1933 (Fig. 
6): On the basi of 20 mature specimens, body elongate, 1.22-
6.08 mm long by 0.82- 1.1 9 mm wide. Oral ucker subterminal 
and oval 110- 420 J.Lm long by I 10- 420 J.Lm wide. Pharynx 
60- 220 J.Lm long by 70- 240 J.Lm wide. Oral sucker/pharynx 
width ratio 1.47- 2. 1. Oral sucker/pharynx length ratio 1.67-
2.63 . A cetabulum 33- 48% body length from anterior end, 
round to oval 80- 330 J.Lm long by 80- 3 10 J.Lm wide. Oral suck-
er/acetabulum ratio 1.1 - 1.68. Teste round to ova l pos itioned 
in tandem in rnidhindbody, anterior testi s 2S0- 9S0 J.Lm long by 
ISO- 680 J..Lm wide and posterior testi s 160- 980 J.Lm long by 
ISO- 8S0 J.Lm wide. Cirru ac long, ex tending to level of ace-
tabulum. Genital pore ventral to pharynx . Ovary oval , rarely 
round posterior or dor olateral to acetabulum, 300- 600 J..Lm 
long by 200-4S0 J.Lm wide. Uterus with extraceca l loops, al-
ways extending pa t ceca on left and/or right side of body past 
posterior testi s. Vitell ari a ac inous, follicular forming clusters, 
distribution differing on each side of body. On ovarian side 
3- 6 extracecal clusters and 0- 4 intraceca l clusters located pre-
FIGURE 3. Haematoloechus coloradellsis cercarial attachment . creeping, and penetration behavior on Ischnura verticali.\'. (A ) Cercaria attached 
with i ts ventral sucker (arrow) to the tibia of I. verticalis. (8 ) Cercaria auached with its oral sucker (an-ow) to the tibia of I. verticalis after I 
movement up the leg of the damselfly larva. (C) Cercaria beginni ng to penetrate the intersegmental membrane of the thorax of I. verticali.\'. (D ) 
Enlargement of panel C. Note the penetrating cercaria and lost tail (arrows). Sca le bars = 200 fLm in panels A and B, 0 .5 mm in panel C, and 
100 fLm panel D . 
306 THE JOURNAL OF PARASITOLOGY, VOl. 93, NO. 2, APRIL 2007 
FIGURE 4. Metacercariae of Haemaloloechus complexus in di fferent body regions of nonodonate arthropods recovered 4- 6 days po texposure. 
(A) Metacercariae in proleg of Tal1ylarsus sp. (8 ) Metacercariae in anal gills of Tanylarsus sp. (C) Metacercaria in thorax of TanylarsLls sp. (D) 
Metacercaria in leg of HyaleUa azleca. (E) Encapsulated and dead metacercaria recovered from the thorax of Callibaelis sp. (F) Note the stylet. 
Scale bars = 200 !Lm. 
acetabulum and I or 2 intracecal po' tpo terior testes. On op-
posite side of body 4- 9 extracecal c lusters, 0- 4 intracecal c lus-
ters preacetabulum, and 0-2 intraceca l clusters postpo terior 
testi s. Eggs 27.5-35 fl-m long by 15- 17 .5 fl-m wide. 
Morphological comparisons among species 
Morphological compari ons between H. complexus and H. 
coloradensis are presented in Table V. Statistica ll y significant 
differences were observed in body length, phar ynx length and 
width, OSIPH width and length rati os, acetabulum length and 
width, OS/AC width ratios, testis length, and vite ll ari a number 
among H. complexus and H. coloradensis. Al though these di f-
ferences were stati sticall y s ignificant, there was overl ap among 
a ll of these characteri stic except for the ora l sucker/pharynx 
width rati o. However, H. coloradensis had a uterus with inter-
ceca l loop that never ex tended past the cecae at the posterior 
testi s level, wherea in H. complexus, the ute rus extracecal 
loops always extended pa t the cecae on the left , right, or both 
ide of the body past the po terior testi . Finally, the di tri -
bution of vite lline fo llicle di ffe red among the e 2 pecies. H. 
coloradensis always had row of extracecal vite lline fo llicles 
on each ide o f the body, with rare ly I group being intracecal 
in the anteri or part o f body located preacetabular and rare ly I 
or 2 in traceca l clusters in the posterior end of the body located 
po te ri or of the poste rior testi s. In contra t, H. complexus al-
ways had 3- 5 groups of intraceca l vite lline follic les in the an-
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TABLE III. Prevalence, mean intensity, mean abundance, total number, and location of Haematoloechus complexus metacercariae recovered 4-6 
days post exposure in experimentally infected odonate and nonodonate arthropods. 
Prevalence (no. Mean Mean No. of 
Species of infected/no. intensity:!: abundance metacercariae Location 
arthropods exposed exposed survivors) SD (range) :!: 1 SD recovered in host 
Odonata 
Libellulidae 
Erythemis simplicicollis 40 (4110) 22.3 :!: 20.9 (3-50) 10 :!: 16.2 89 Head, thorax, leg 
Diptera: 
Chironomidae 
Tanytarsus sp. 67 (20/30) 6.2 :!: 5.2 (1-18) 
Ephemeroptera: 
Baetidae 
Callibaetis sp. 40 (2/5) 6.5 :!: 3.5 (4-9) 
Crustacea 
Amphipoda 
Hyalella azteca 21 (5/24) 2.4 :!: 2.1 (1-6) 
terior part of the body located preacetabulum, and 1 to 3 intra-
cecal vitelline follicles in the posterior part of the body located 
posterior of the posterior testis. 
DISCUSSION 
Haemat%echus c%radensis recruitment 
Field surveys of the 5 amphibian species in Keith County 
indicate that H. coloradensis is the dominant lung fluke in 
northern leopard frogs and plains leopard frogs, whereas north-
ern leopard frogs are rarely infected with H. medioplexus and 
H. longiplexus. Bullfrogs collected from the same locations as 
northern leopard frogs and plains leopard frogs are commonly 
infected with both H. longiplexus and H. parviplexus. These 
data support previous surveys on these frogs in Nebraska by 
Brooks (1976) and Snyder (1996), indicating that H. longiplex-
us and H. parviplexus rarely, or never, infect northern leopard 
frogs or plains leopard frogs in Nebraska 
The field and laboratory studies we conducted show that- in 
Nebraska, H. coloradensis is a generalist at the second inter-
mediate host level and predominantly infects newly metamor-
phosed leopard frogs through nonodonate aquatic and semi-
aquatic arthropods. Until recently, the limits of second inter-
mediate host specificity among species of frog lung flukes were 
considered to be relatively strict, with most species infecting 
odonate second intermediate hosts. The 'life cycle of H. color-
adensis was initially described from New Mexico by Dronen 
(1975), who demonstrated that this species also infected drag-
onflies and damselflies as second intermediate hosts and leopard 
frogs as definitive hosts. No attempt was made to infect non-
odonate arthropods. 
Reports of nonodonate second intermediate hosts for frog 
lung flukes are rare and restricted to dipteran and plecopteran 
larvae (van Thiel, 1930; Combes, 1968). However, all other 
studies on the life histories of frog lung flukes were conducted 
on odonates as second intermediate hosts, and it is unclear 
whether nonodonate arthropod infections were attempted in 
these studies (Krull, 1930, 1933, 1934; Ingles, 1933; Grabda, 
1960; Schell, 1965; Dronen, 1975, 1977, 1978; Bourgat and 
4.3 :!: 5.2 124 Head, thorax, anal gill 
2.6 :!: 4.0 13 Head, thorax, leg, gill 
0.5 :!: 1.3 12 Cephalothorax, leg 
Kulo, 1979; Kennedy, 1980). Studies by Snyder and Janovy 
(1994, 1996) on second intermediate host specificity of 4 Ne-
braska Haematoloechus spp. were the first to show that cercar-
iae behavior patterns dictate host specificity at the second in-
termediate host level among the frog lung flukes. Their studies 
showed that Haematoloechus spp. from Nebraska varied from 
being generalists (H. complexus), infecting dragonflies and 
TABLE IV. Population structure of Haematoloechus coloradensis, Hae-
matoloechus longiplexus, Haematoloechus medioplexus, and Haema-
toloechus parviplexus in 5 species of anurans collected in Keith County, 
Nebraska during July 2000-September 2004. 
Prevalence Mean intensity 
Anuran species (n) Haematoloechus sp. (%) :!: 1 SD 
Bufo woodhousii (25) 
H. coloradensis 4 
H. longiplexus 0 
H. medioplexus 0 
H. parviplexus 0 
Rana blairi (5) 
H. coloradensis 60 1.3 :!: 0.6 
H. longiplexus 0 
H. medioplexus 0 
H. parviplexus 0 
Rana catesbeiana (69) 
H. coloradensis 0 
H. longiplexus 52 18.6 :!: 18.4 
H. medioplexus 0 
H. parviplexus 33 22.3 :!: 20.2 
Rana pipiens (289) 
H. coloradensis 58 5.5 :!: 6.6 
H. longiplexus 0.3 1 
H. medioplexus 0.7 10 :!: 12.7 
H. parviplexus 0 
Spea bombifrons (10) 
H. coloradensis 0 
H. longiplexus 0 
H. medioplexus 0 
H. parviplexus 0 
• 
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dam elflies as well as nonodonate in ect and cru tacean spe-
cies, to speciali ts (H. medioplexus and Haemaroloechus var-
ioplexus) , infecting only dragonflie . The variou para ite pe-
cies, therefore, could have differelll avenues for ho t coloni-
zation. Haemaroloechus medioplexus and H. varioplexus cer-
cariae are pass ive ho t invaders and must be drawn into the 
unique branchial basket re piratory apparatus of dragonflie , 
where they encyst and metacercariae are re tricted to thi region 
of the host. Haemaroloechus complexus cercariae are active 
host invaders; these cercariae top on contact with the arthropod 
host and penetrate the ho ts at any intersegmental membrane 
by the use of a stylet and, therefore, can be found in all parts 
of the body, occurring in a thin hyaline cyst in the abdominal 
cavity, leg, and head of the econd intermediate host. Like H. 
complexus, H. longiplexus is also an active host invader but can 
only penetrate dam elfly naiads at the base of the caudal g ill s; 
H. longiplexus cercariae are also drawn into the branchial bas-
ket re piratory apparatus of dragonflies. Intere ting ly, Snyder 
( 1996) also showed with a rather elegant injection experiment 
that cercariae of species that only use dragonfly econd inter-
mediate hosts can develop in damselfly arthropod ho ts, dem-
onstrating that cercari ae behavior i the main factor or avenue 
controlling second intermediate ho t specificity in the e frog 
lung flukes. More importantly, phylogenetic studie on ome 
orth American and European frog lung fluke by Snyder and 
Tkach (200 I ) indicate that the u e of odonate as second inter-
mediate hosts might be the ancestral condition within thi s ge-
nus. From the e and other tudie on frog lung fluke life cycle, 
it is clear that frog lung fluke spec ies can vary in their ho t 
specificity at the second intermediate host level. 
This tudy clearly indicates that nonodonate arthropod are 
a viable avenue for the transmission of H. coloradensis to new-
ly metamorphosed leopard frogs and toad in ebra ka The e 
observations, that H. coloradensis can colonize young of year 
leopard frogs more commonly than other Haemaroloechus pp. 
(H. IOllgiplexus , H. medioplexus, and H. parviplexus) that only 
use odonate as second intermediate host , are important for 2 
reasons: ( I ) the large number of pecie of econd intermediate 
hosts u ed that are repre ented in the e frogs' diet; and (2) the 
range of size of econd intermediate ho ts used. 
The e ob ervations reveal that this second intermediate host 
infection pattern is the main reason why newly meta morpho ed 
leopard frogs at Cedar Creek are commonly infected with H. 
coloradel/sis compared to other studies in which newly meta-
morphosed frogs are never or rarely infected with Haemaroloe-
chus pp. ( Krull , 1930, 193 1; Dronen, 1977; Gillilland and 
Muzzall , 1999; Muzza ll et aI. , 200 I ; Bolek and Coggin, 2003). 
Because small frog prey primarily on small invertebrate be-
cau e of gape size limitations, the use of mall , nonodonate 
arthropods as econd intermediate ho ts allow H. coloradensis 
to colonize newly metamorphosed frog at Cedar Creek. In fact, 
of the 289 newly metamorpho ed leopard frogs sampled at Ce-
dar Creek during 2001 - 2004, 168 (58%) were infected with H. 
coloradellsis, whereas only I (0.3~ ) and 2 (0.7%) were in-
FIG RE 5. Line drawing of H oell/ol% ec/Ills c%radellsis from the 
northern leopard frog (Raila pipiells) collected from edar reek, Keith 
ounty, ebraska. ca le bar = 1.5 mm. 
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fected with H. longiplexus and H. rnedioplexus, respectively, 
and none (0%) were infected with H. parviplexus, all of which 
u e dragonflies and dam elflies as second intermediate hosts. 
Therefore, thi s study demonstrates that u e of a diversity of 
small arthropod species as second intermediate hosts by H. co-
loradensis provides an avenue for colonization of mall frogs, 
which prey primarily on small invertebrate presumably be-
cause of their limitation in gape ize. Interestingly, we never 
find H. complexus in newly metamorpho ed Woodhouse's 
toads, or plains leopard frog in eastern ebra ka where H. 
complexus is common. However, in ea tern ebraska, both of 
these anurans breed in mall temporary pond which usually 
dry up by the end of the summer when frogs and toads are 
emerging. Therefore, it is not clear whether second intermediate 
hosts infected with H. complexus are available for young of 
year anurans to feed on at our tudy site (Bolek , 2006). 
Among the 5 anurans sampled from Keith County, ebra ka, 
both leopard frog pecies and, to a lesser degree, Woodhou e' 
toads became infected with H. coloradensis in nature, as well 
as in the laboratory, whereas bullfrog were resistant to thi s 
species in nature and in the laboratory, confirming previous 
studies on definitive ho t specificity of H. coloradensis by Dro-
nen ( 1975). 
Haematoloechus coloradensis and H. complexus 
taxonomy and distribution 
The morphological data 011 H. coloradensis and H. complex-
us suggest that although morphologically similar, these 2 pe-
cie are distinct, differing in their oral sucker to pharynx width 
and length ratio , uterine loop distribution , and placement of 
vitelline follicles. However, in terms of their life cyc les, both 
species are quite similar. Both utili ze physid nails a first in-
termediate ho t . The cercariae of both of these species are 
active host invader and can infect a wide range of nonodonate 
and odonate arthropod (generali t at the second intermediate 
host level), and both might be able to infect newly metamor-
phosed leopard frogs more commonly than other lung flukes 
that use only odonates as second intermediate hosts. As with 
H. complexus, on contact with a potential arthropod host, the 
cercariae of H. coloradensis attach to the arthropod and are able 
to penetrate the ho t at any intersegmental membrane. Finally, 
both of these pecies infect northern leopard frog, plain leop-
ard frog, and Woodhouse's toads but cannot infect bullfrogs 
(Krull , 1933; Dronen, 1975 ; thi s study). 
The similarities in the life history of H. coloradensis and H. 
complexus suggest that they could be closely related species. 
In previous phylogenetic tudie on other European and North 
American species of frog lung flukes (which did not include H. 
coloradensis), host specificity at the fir t and second intenne-
diate ho t level has been shown by Snyder and Tkach (200 I ) 
to be conserved among related species of Haemaloloechus. 
However, recent molecular phylogenetic studies by Le6n-Re-
gagnon and Brook (2003) on African, European, and orth 
American species of frog lung flukes indicate that H. complexus 
FIG RE 6. Line drawing of Haematoloechus complexus from Ihe 
plains leopard frog (Rana blairi) collected from Pawnee Lake, Lancaster 
OUllty, Nebraska. Scale bar = 1.5 mm . 
• 
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TABLE V. Morphological characteristics of adult Haematoloechus coloradensis and Haematoloechus complexus. Means and ranges (in parentheses) 
are in micrometers (!Lm) unless otherwise noted. 
H. complexus n = 20 H. coloradensis n = 20 
Character mean (range) mean (range) t-Test P /=/ 
Shape Elongate Elongate 
Body length 4.910 mm (1.220-6.080) 5.644 mm (4.180-7.280) -2.68 0.046 
Body width at acetabulum 0.824 mm (0.260-1.100) 0.851 mm (0.550-1.350) 0.39 0.70 
Greatest body width 0.982 mm (0.820-1.190) 1.067 mm (0.820-1.550) 1.33 0.20 
Oral sucker length 332 (110-420) 
Oral sucker width 335 (110-420) 
Pharynx length 162 (60-200) 
Pharynx width 189 (70-240) 
OSIPH width ratio* 1.77 (1.47-2.10) 
OSIPH length ratio* 2.04 (1.67-2.63) 
Acetabulum location from anterior end 39% (33-48) 
Acetabulum length 239 (80-330) 
Acetabulum width 241 (80-310) 
OS/AC width ratio* 1.40 (1.10-1.68) 
Anterior testis length 625 (250-950) 
Anterior testis width 480 (150-680) 
Posterior testis length 685 (160-980) 
Posterior testis width 540 (150-850) 
Ovary length 420 (300-600) 
Ovary width 314 (200-450) 
With loops extending 
posterior and lateral 
Uterus to cecal tips 
No. of vitellaria 18.60 (16--21) 
Egg length 32.00 (27.50-35.00) 
Egg width 17.00 (15.00-17.50) 
* OSIPH, oral sucker/pharynx; OS/AC, oral sucker/acetabulum. 
t Approximate t',-test. 
and H. coloradensis form unrelated distinct lineages. We have 
examined the voucher specimens identified as H. coloradensis 
by Le6n-Regagnon and Brooks (2003) (CNHE4661, 6 slides) 
and determined that it is not H. coloradensis. It differs from H. 
complexus by its oral sucker to pharynx width ratio and from 
H. coloradensis by its distribution of vitelline follicles. 
In North America, H. coloradensis appears to be a western 
species, having been reported from 5 anuran species in the 
western United States: the Chiricahua leopard frog (Rana chir-
icahuensis) in Arizona; the northern leopard frog from Colo-
rado, Idaho, Montana, and New Mexico; Woodhouse's toad, the 
northern leopard frog, and the plains leopard frog in Nebraska; 
and Woodhouse's toad, southwestern toad (Bufo microscaphus), 
and northern leopard frog in Utah·('Cort, 1915; Frandsen and 
Grundman, 1960; Parry and Grundman, 1965; Dronen, 1975; 
Brooks, 1976). In North America, H. complexus is an eastern 
species, being reported from 8 species of anurans: the northern 
leopard frog in Iowa and North Carolina; the green frog in 
Maryland and Wisconsin; the northern leopard frog, wood frog 
(Rana sylvatica), and spring peeper (Pseudacris crucifer) in 
Ohio; the northern leopard frog, green frog, and southern leop-
ard frog (Rana sphenocephalus utricularia) in Indiana and Ken-
tucky; and the northern leopard frog, plains leopard frog, Wood-
house's toad, and Cope's gray treefrog (Hyla chrysoscelis) in 
Nebraska (Seely, 1906; Cort, 1915; Krull, 1933, 1934; Odlaug, 
1954; Ulmer, 1970; Brooks, 1976; Catalano and White, 1977; 
Whitehouse, 2002; M. Bolek, pers. obs.). In North America, 
364 (300-500) 1.65 0.11 
304 (220-420) -1.57 0.12 
255 (180-340) 6.5 0.0001 
241 (190-330) 4.45 0.0001 
1.26 (1.04-1.43) -10.28 0.0001 
1.46 (1.20-1.77) 7.99 0.0001 
35% (24-50) 0.56 0.57 
275 (230-340) 2.46 0.02 
274 (200-380) 2.14 0.04 
1.11 (0.88-1.31) -6.52 0.0001 
509 (310-750) -0.344t 0.001 
507 (400-650) 0.88 0.38 
507 (400-650) -4.08t 0.0003 
520 (380-720) -0.52 0.61 
429 (130-580) -0.30 0.76 
310 (70-450) 0.15 0.88 
With intercecal loops 
17.15 (15-21) -2.67 0.011 
31.50 (28.00-35.00) -0.63 0.53 
16.60 (15.00-21.00) -0.91 0.37 
Nebraska appears to be the eastern geographic limit for H. co-
loradensis and the western geographic limit for H. complexus. 
It is unclear why these 2 species exhibit eastern versus west-
ern distributions, because their life cycles are so similar. How-
ever, except for northern leopard frogs, H. coloradensis has 
been reported from species of frogs and toads that primarily 
have a distribution west of the Mississippi River (Platz and 
Mecham, 1979; Brown, and Morris, 1990; Sullivan et al., 1996; 
Gergus, 1998). Recent biogeographical studies with mitochon-
drial DNA on the northern leopard frog also indicate eastern 
and western lineages of these frogs genetically isolated by the 
Mississippi River (Hoffman and Blouin, 2004). Haematoloe-
c/'lus complexus, on the other hand, has been reported from 
frogs and toads that overlap in their distributions east and west 
of the Mississippi River and appears to be found in some strict-
ly western species, such as Woodhouse's toads (Conant and 
Collins, 1998). 
The northern leopard frog in Nebraska has a more arid dis-
tribution than its eastern lineage; it predominantly uses clear, 
sand-bottom streams for reproduction and hibernation (Lynch, 
1978; Vogt, 1981). During spring and fall, adult northern leop-
ard frogs remain quite close to water but disperse into grassland 
during the summer. Importantly, newly metamorphosed north-
ern leopard frogs are found closer to water than are the adults 
and, therefore, have different habitats than do the adults during 
the summer months (Vogt, 1981). Our field observations sup-
port these findings and, over the last 4 yr during the summer, 
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we have never observed adult northern leopard frogs at Cedar 
Creek or any of the other small artificial ponds in the general 
area. In fact, the only adult leopard frogs we have observed 
during the summer are the occasional individual plains leopard 
frog at some of the small artificial ponds. Studies by Kruse 
(1978) on the life histories of the plains leopard frog and north-
ern leopard frog from Nebraska indicate that the northern leop-
ard frog can readily replenish body moisture from soil capillary 
water and has a much faster rate of rehydration than does the 
plains leopard frog, indicating that northern leopard frogs might 
be more adapted to a semiterrestrial existence in western Ne-
braska than plains leopard frogs. Indeed, the plains leopard frog 
is not found west of the confluence of the North and South 
Platte Rivers in Nebraska, except as an isolate along Lake 
McConaughy in Keith County (Lynch, 1978, 1985). 
The only anurans commonly observed at Cedar Creek during 
the summer are an occasional bullfrog, newly metamorphosed 
young of year northern leopard frogs, and Woodhouse's toads, 
which metamorphose during late June and early July and are 
found along the margin of Cedar Creek throughout the fall 
when they go into hibernation. These observations suggest that 
at this location, the only commonly occurring frogs that can 
support adult H. coloradensis worms and release eggs of this 
species back into an aquatic environment are newly metamor-
phosed northern leopard frogs and newly metamorphosed 
Woodhouse's toads. These observations on the natural history 
of the anuran hosts in western Nebraska, along with the gen-
eralist nature of H. coloradensis at the second intermediate host 
level, show this life cycle is well suited for the western Ne-
braska environment. The results of this study suggest that a 
particular life cycle variant will be favored by regional envi-
ronmental conditions and specific definitive host combinations 
because these factors influence probabilities of transmission at 
1 or more stages during a complex life cycle. This comparative 
approach to life cycle studies within both single and multiple 
species of hosts allows us to generate hypotheses about mech-
anisms that drive evolution of parasite life cycles. 
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PARASITES OF JUVENILE BROOK TROUT (SALVELINUS FONTINALlS) FROM 
HUNT CREEK, MICHIGAN 
Patrick M. Muzzall 
Department of Zoology, Natural Science Building, Michigan State University, East Lansing, Michigan 48824. e-mail: muzzal/@msu.edu 
ABSTRACT: Four parasite species (Crepidostomum cooperi, Cystidicoloides ephemeridarum, Acanthocephalus dirus, Salmincola 
edwardsii) infected 215 juvenile brook trout (105 young-of-year; 110, l-yr-old) from Hunt Creek, Michigan, in 2003,2004, and 
2005, Prevalences of these species in 2004 (main study year) varied from 29 to 37%. Crepidostomum cooperi had the highest 
mean intensity and mean abundance, followed by C. ephemeridarum, The number of fish infected with each parasite species was 
significantly higher in l-yr-old fish than in young-of-year fish. Also, the mean intensities and mean abundances of C. cooperi 
and C. ephemeridarum and the mean abundance of A. dirus were significantly higher in older fish. The mean intensity of C. 
cooperi and prevalence of A. dirus were significantly higher in fish between creek sections. Fish length had a significant positive 
effect on the abundances of C. cooperi and C. ephemeridarum; parasite species richness, on the abundances of A. dirus and S. 
edwardsii; and parasite species richness in the 2003 and 2004 trout cohorts, respectively. Crepidostomum cooperi, C. ephemer-
ida rum, A. dirus, and S. edwardsii commonly infect Michigan brook trout. The small number of parasite species infecting Hunt 
Creek brook trout is similar to the number of parasite species of brook trout from other Michigan creeks. 
Several studies have examined the parasites and reported on 
various host-parasite relationships of brook trout, Salve linus 
fontinalis Mitchill, 1814 (Salmonidae), in lotic environments of 
North America, most notably Richardson (1936), Choquette 
(1948), Bangham (1951), Black (1981), Muzzall (1984, 1986, 
1993), Frimeth (1987a, 1987b), and Hernandez and Muzzall 
(1998). None of these studies, however, has analyzed the par-
asitological data of juvenile brook trout by age and different 
sections of collection in a small lotic environment. The objec-
tives of this study were to compare (1) the prevalences, inten-
sities, and abundances of parasite species between young-of-
year (yoy) and 1-yr-old brook trout from a resident population 
in Hunt Creek, Michigan; (2) the parasitological data of juve-
nile trout between 2 creek sections; and (3) the abundances of 
parasite species and parasite species richness values between 2 
cohorts of juvenile trout. 
MATERIALS AND METHODS 
The portion of Hunt creek sampled is in southern Montmorency 
County in the northern portion of Michigan's Lower Peninsula, approx-
imately 15 km (44°56'39"N, 84°3'54"W) from Lewiston, Michigan. It 
is a groundwater-dominated stream draining extensive glacial sands and 
gravels, and water flow and temperature are very stable because of ,the 
geology of the area (Nuhfer, 2004). Hunt Creek empties into the Thun-
der Bay River that flows into Lake Huron. 
Brook trout spawn in late September through November in Hunt 
Creek (A. Nuhfer, pers. comm.). Eggs hatch in late winter or early 
spring of the next year. Juvenile brook trout were collected by electro-
fishing from 2 creek sections (C and B) in August 2003; May, July, 
and August 2004; and May 2005. Section B is immediately downstream 
of section C, and its discharge is approximately twice as high as that 
in section C. Fish were put on ice in the ffeld and frozen within 4 hr 
of collection. Total length (mm) was recorded when the entire trout was 
examined. Trout were separated into 2 age classes (yoy and l-yr-old) 
on the basis of known age-length relationships established for them in 
Hunt Creek (A. Nuhfer, pers. comm.). Age 2+ yr brook trout were not 
available for examination. The only other common fish species collected 
was the mottled sculpin, Cottus bairdi. 
Use of prevalence, mean intensity, and mean abundance is consistent 
with the recommendation of Bush et al. (1997). Species richness is the 
number of parasite species in an examined fish, Most fish were collected 
and examined in 2004; therefore, parasitological data were analyzed by 
fish age class and creek section only in 2004, In August 2004, popu-
lation numbers of each parasite species were estimated as (prevalence) 
X (mean intensity) X (estimated number of yoy + l-yr-old trout) in 
Received 2 March 2006; revised 17 July 2006; accepted 17 July 2006. 
section C. Abundances of each parasite species and parasite species 
richness values were natural log-transformed for trout cohort-parasite 
analyses. Analysis of covariance (ANCOVA) was used to test for in-
teraction between trout length and age, with transformed abundances 
for each parasite species and parasite species richness values for the 
2003 (yoy fish in August 2003; l-yr-old fish in May, July, August 2004) 
and 2004 trout cohorts (yoy fish in May, July, August 2004; l-yr-old 
fish in May 2005). The following voucher specimens were deposited in 
the U.S. Parasite Collection (USNPC), Beltsville, Maryland: Crepidos-
tomum cooperi Hopkins, 1931 (Trematoda: Allocreadiidae) (98372); 
Cystidicoloides ephemeridarum (Linstow, 1872) Moravec, 1981 (Nem-
atoda: Cystidicolidae) (98374); Acanthocephalus dirus (Van Cleave, 
1931) Van Cleave and Townsend, 1936 (Acanthocephala: Echinorhyn-
chidae) (98373); Salmincola edwardsii (Olsson, 1869) (Copepoda: Ler-
naeopodidae) (98375). 
RESULTS 
Host demographics 
The age, mean length, and number of juvenile brook trout 
examined in different cohorts from Hunt Creek in 2003, 2004, 
and 2005 are listed in Table I. Age and mean length of exam-
ined trout increased in the 2003 and 2004 cohorts. Trout ex-
amined in the 2003 cohort had a significantly larger mean ::':: 
SD length (99.4 ::':: 24.1, range 52-138 mm) than fish in the 
2004 cohort (66.6 ::':: 29.8, 24-130 mm; Mann-Whitney V-test, 
V = 5,822, P < 0.001). The mean length of all 1-yr-old brook 
trout (110.5 ::':: 14.5, 79-138 mm) in 2004 was significantly 
larger than yoy fish (50.5 ::':: 16.9, 24-91 mm; Student's t-test, 
t = -21.4, P < 0.001). Differences in the mean lengths of yoy 
fish (51.3 ::':: 20.2,24-88 mm) and 1-yr-old fish (111.1 ::':: 15.7, 
79-1"38 mm) from section B were not significant compared with 
yoy fish (49.4 ::':: 14.2,31-99 mm) and l-yr-old fish (109.9 + 
3.6, 83-135 mm), respectively, from section C in 2004. 
Parasites 
Four parasite species infected juvenile brook trout in Hunt 
Creek in 2003, 2004, and 2005. The overall prevalences of 
these species in trout in 2004 varied from 29 to 37%, with C. 
ephemeridarum having the highest prevalence (Table II). Cre-
pidostomum cooperi had the highest mean intensity and mean 
abundance, followed by C. ephemeridarum. The number of fish 
infected with each parasite species was significantly higher in 
1-yr-old brook trout than in yoy fish (c. cooperi, X2 = 47.5, P 
< 0.001; C. ephemeridarum, X2 = 50.9, P < 0.001; A. dirus, 
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TABLE I. Age, mean length ::': SD, and number of young-of-year (yoy) and l-yr-old Salvelinus fontinalis examined in the 2002, 2003, 2004, and 
2005 cohorts from Hunt Creek in 2003, 2004, and 2005.* 
Cohort 
2002 Fish age (yr) 
Length (mm) 
n 
2003 Fish age (yr) 
Length (mm) 
n 
2004 Fish age (yr) 
Length (mm) 
n 
2005 Fish age (yr) 
Length (mm) 
n 
* -, Fish not examined. 
August 2003 
121 ::': 9.6 
(20) 
yoy 
63::': 7.0 
20 
May 2004 
99::': 9.9 
30 
yoy 
35 ::': 5.9 
27 
X2 = 21.7, P < 0.001; S. edwards ii, X2 = 8.4, P < 0.05). The 
mean intensities and mean abundances of C. cooperi, C. ephem-
eridarum, and A. dirus were significantly higher in 1-yr-old than 
in yoy fish. The numbers and percentages of each parasite spe-
cies in 1-yr-old trout out of the total number of parasites count-
ed in all yoy and 1-yr-old fish from 2004 were: C. ephemeri-
darum (451, 99.1 %), C. cooperi (1,182, 99.9%), A. dirus (175, 
92.5%), and S. edwardsii (61, 79.2%). 
The mean parasite species richness values in 2004 for all 
examined yoy (0.39 ± 0.61) and 1-yr-old brook trout (2.13 ± 
1.19) were significantly different (Mann-Whitney U-test, U = 
3,486, P < 0.001). The mean parasite species richness values 
for all infected yoy (1.2 ± 0.41, range 1-2) and 1-yr-old fish 
(2.4 ± 0.98, 1-4) were significantly different (Mann-Whitney 
U-test, U = 982, P < 0.001). Twenty of 61 (33%) yoy trout 
and 58 of 65 (89%) 1-yr-old trout in the 2004 cohort were 
infected with at least 1 parasite species. 
The mean intensity of C. cooperi was significantly higher in 
trout from section C (80.6 ± 93.1) compared with section B 
(14.0 ± 18.7) of Hunt Creek (Mann-Whitney U-test, U = 
319.5, P < 0.001). The number of trout infected with A.. dirus 
was significantly higher in section B than in section C (X2 = 
6.1, P < 0.025). One-year-old trout from each section had sig-
nificantly higher prevalences, mean intensities, and mean abun-
dances of each parasite species compared with yoy fish (data 
not shown). The estimated numbers of C. cooperi, C. ephem-
eridarum, A. dirus, and S. edwardsii in yoy and 1-yr-old fish 
in section C of Hunt Creek in Augdst 2004 were 20,531 and 
1,125,276; 57,194 and 978,088; 251,651 and 170,928; and 
179,206 and 88,075, respectively. 
The smallest and youngest fish infected the earliest in the 
2003 cohort with C. cooperi, C. ephemeridarum, A. dirus, and 
S. edwardsii were: 1-yr-old, 61 mm, May 2004; yoy, 64 mm, 
August 2003; yoy, 64 mm, August 2003; yoy, 57 mm, August 
2003, respectively. In the 2003 brook trout cohort-parasite anal-
yses, interactions between fish length and age were not signif-
icant for the abundances of each parasite species. Fish length 
and not age was the significant factor affecting the abundances 
of C. ephemeridarum (F = 14.9, P < 0.001), C. cooperi (F = 
4.9, P < 0.005), and parasite species richness (F = 50.7, P < 
0.001). No relationships between the abundances of A. dirus 
July 2004 
119::': 7.6 
20 
yoy 
56::': 11.8 
19 
August 2004 
123 ::': 10.7 
15 
yoy 
69::': 9.5 
15 
May 2005 
106::': 12.8 
25 
yoy 
37::': 6.1 
24 
and S. edwardsii with fish length or age were significant. In 
this cohort, the mean abundance of C. cooperi decreased sig-
nificantly from July (73.3 ± 96.9) to August 2004 (9.5 ± 16.1) 
in 1-yr-old fish (Mann-Whitney U-test, U = 241.0, P < 0.005). 
Although not significant, the mean abundance of C. ephemeri-
darum decreased from July (14.9 ± 19.6) to August 2004 (8.2 
± 14.5) in 1-yr-old fish. 
The smallest and youngest fish infected the earliest in the 
2004 cohort with C. cooperi, C. ephemeridarum, A. dirus, and 
S. edwardsii were: yoy, 61 mm, August 2004; yoy, 50 mm, 
August 2004; yoy, 57 mm, July 2004; and yoy, 38 mm, May 
2004, respectively. In the 2004 brook trout cohort-parasite anal-
yses, interactions between fish length and age were significant 
for the abundances of C. ephemeridarum (F = 8.6, P < 0.001) 
and C. cooperi (F = 10.0, P < 0.005). Therefore, no further 
analyses could be done to test for differences in the abundances 
of these parasite species between fish length and age. Fish 
length, and not age, was the significant factor affecting the 
abundances of A. dirus (F = 27.9, P < 0.005) and S. edwardsii 
(F = 14.9, P < 0.001) and the parasite species richness (F = 
63.4, P < 0.001) in this cohort. 
Gravid individuals of C. cooperi and C. ephemeridarum were 
found in May, July, and August 2004 in 1-yr-old brook trout in 
the 2003 cohort and in 1-yr-old fish in May 2005 in the 2004 
cohort. Gravid A. dirus were found in all months in yoy and 1-
yr-old fish of the 2003 cohort and in August 2004 (yoy fish) 
and May 2005 (l-yr-old fish) in the 2004 cohort. Female S. 
edwardsii with egg sacs occurred on yoy and 1-yr-old trout in 
all months in the 2003 cohort and on yoy fish in July and 
August 2004 and on 1-yr-old fish in May 2005 in the 2004 
cohort. 
The mean abundances of C. coo peri and C. ephemeridarum 
were significantly higher in fish in the 2003 cohort than fish in 
the 2004 cohort (Table III). Spearman's rank correlation coef-
ficients between abundances of each parasite species and trout 
length were all significant for the 2003 and 2004 cohorts, except 
for A. dirus and S. edwardsii in the 2003 cohort. The mean 
parasite species richness was significantly higher for all ex-
amined trout in the 2003 cohort (1.8 ± 1.3) compared with the 
2004 cohort (0.8 ± 1.1; Mann-Whitney U-test, U = 5,323, P 
< 0.001). Parasite species richness values were significantly 
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TABLE III. Mean abundance:!: SD and Spearman's Rank Correlation 
Coefficients (SCC) for Crepidostomum cooperi, Cystidicoloides ephem-
eridarum, Acanthocephalus dirus, and Salmincola edwardsii, in the 
2003 (n = 85) and 2004 (n = 86) cohorts of juvenile Salve linus fon-
tinalis from Hunt Creek. 
Parasite 
C. cooperi 
C. ephemeridarum 
A. dirus 
S. edwardsii 
Cohort 
2003 
2004 
2003 
2004 
2003 
2004 
2003 
2004 
Abundance 
22.1 :!: 56.1 * 
1.4 :!: 1.2* 
5.3 :!: 12.7* 
0.7 :!: 2.7* 
2.2 :!: 5.1 
1.9 :!: 4.9 
0.8 :!: 1.2 
0.4 :!: 0.6 
SCC 
0.635t 
0.422t 
0.696t 
0.429t 
0.132, NS:j: 
0.563t 
0.138, NS 
0.393t 
* Values are significantly different between cohorts at the P = 0.001 level by the 
Mann-Whitney U-test. 
t Spearman's Rank Correlation Coefficients significant at the P = 0.001 level. 
:j: NS, Not significant. 
correlated with trout length in the 2003 (rs = 0.599, P < 0.001) 
and 2004 (rs = 0.691, P < 0.001) cohorts. 
DISCUSSION 
Although the parasitological data by brook trout cohort are 
limited because only juveniles were examined, the mean abun-
dances of C. ephemeridarum and C. cooperi increased in the 
2004 cohort as fish increased in length (age) through time. Muz-
zall (1986) reported that Crepidostomum sp. and C. ephemeri-
darum utilize the mayfly nymphs Hexagenia limbata and 
Ephemera simulans, respectively, as intermediate hosts in 
Michigan. Fish length, and not age, significantly affected the 
abundance of A. dirus. Muzzall (1984) found that the isopod 
Caecidotea communis serves as the intermediate host for A. 
dirus. Trout become infected with these helminth species when 
they ingest infected mayfly nymphs and isopods. Juvenile brook 
trout in Hunt Creek eat annelids, aquatic and terrestrial insects, 
crustaceans, and other organisms (Alexander and Gowing, 
1976). My findings indicate that trout have to be at least 50-
60 mm in length to become infected with C. ephemeridarum 
and A. dirus and 61 mm to become infected with C. cooperi. 
Therefore, fish length, gape size, and diet are the most impor-
tant factors affecting the numbers of C. cooperi, C. ephemeri-
darum, and A. dirus in juvenile fish in Hunt Creek. 
Increases in the mean abundances of C. cooperi and C. 
ephemeridarum in l-yr-old fish in summer 2004, followed by 
a decline in August 2004, are likely due to the emergence of 
E. simulans and Hexagenia spp. in Michigan trout streams from 
June through the middle of July (Leonard and Leonard, 1962) 
and the consequent declines of nymphs in the fall. Natural se-
nescence of the parasites might also playa role in this decline. 
Alexander and Gowing (1976) reported that the stomachs of 
brook trout in Hunt Creek contained the most food in June and 
the least in August. This general seasonal pattern has been ob-
served before for C. ephemeridarum, but in adult brook trout 
from the Au Sable River (Muzzall, 1986). Decreases in prev-
alences and mean abundances of C. cooperi and C. ephemeri-
darum did not occur from July to August 2004 in the 2004 
cohort in this study because yoy fish were only examined and 
their small gape size did not allow them to eat many interme-
• 
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diate hosts of these helminths. In July, fish were negative for 
both species, and only 3 fish were infected with these helminth 
species in August. 
Aho and Kennedy (1984) suggested that the mortality of C. 
ephemeridarum and its decrease in population numbers were 
through a nonspecific, intensity-independent temperature rejec-
tion response. The possibility of this proposed temperature re-
jection response playing a role in the decrease of C. ephemer-
ida rum and C. cooperi after July is doubtful because immature 
and gravid worms were present in trout in May, July, and Au-
gust 2004 and in May 2005. Also, De and Moravec (1979) 
demonstrated that C. ephemeridarum was lost from fish at tem-
peratures of 20 C or greater; this water temperature was never 
recorded when collecting trout in Hunt Creek. 
The age and month that brook trout first were found infected 
with 3 parasite species in Hunt Creek varied between cohorts. 
Acanthocephalus dirus and S. edwardsii infected yoy trout in 
both cohorts, but the month each species were first found in 
fish varied. Crepidostomum cooperi infected trout of different 
ages in different months between cohorts. However, the lengths 
of the first fish infected with C. coo peri were the same in both 
cohorts. Variations in the biology and reproductive timing and 
life cycles of brook trout, in the animals that serve as inter-
mediate hosts, and in the parasite species play a role in these 
differences in age and month that fish are first found infected. 
Cystidicoloides ephemeridarum infected yoy trout in August of 
both cohorts. 
The significantly higher mean abundances of C. cooperi and 
C. ephemeridarum and the mean parasite species richness in 
fish in the 2003 cohort occurred because these trout were sig-
nificantly larger and older than those in the 2004 cohort, cou-
pled with the significant relationships between the abundances 
of these helminth species and parasite species richness values 
with trout length. These significant relationships between abun-
dances of C. cooperi and C. ephemeridarum and parasite spe-
cies richness and trout length occurred in both cohorts. Signif-
icant increases in the abundances of A. dirus and S. edwardsii 
with trout length occurred in the 2004 cohort, but not in the 
2003 cohort. Specific explanations for these differences cannot 
be presented. 
Salmincola edwardsii has a direct life cycle and was the first 
parasite species colonizing yoy trout in Hunt Creek. The mean 
abundance of this copepod did not increase significantly in 1-
yr-old fish in the 2003 cohort. In the 2004 cohort, its mean 
abundance increased significantly in yoy fish from May through 
August 2004. Muzzall (1984) found that as brook trout in-
creased in length in 2 other Michigan creeks, the numbers of 
S. edwardsii increased significantly. Poulin et aI. (1991) re-
ported that brook trout size influenced the probability of ac-
quiring S. edwardsii. They suggested that larger trout present a 
greater surface to which copepodids can attach and also circu-
late more water over their gills per unit time than small fish, 
thus bringing more copepodids into contact with them. 
The higher prevalence, intensity, and abundance of each par-
asite species and the mean parasite species richness in 1-yr-old 
compared with yoy brook trout occurred because they eat a 
wider variety of food items and a greater quantity of food, 
thereby increasing their chances of encountering larval/juvenile 
parasites in intermediate hosts. Furthermore, larger trout have 
more surface area to be infected and had more time to be ex-
posed to parasitic stages over time. Overall, l-yr-old fish harbor 
more individuals of each parasite species than do yoy fish in 
Hunt Creek. However, yoy trout had larger estimated numbers 
of A. dirus and S. edwardsii than older fish in August 2004 
because there were larger estimated numbers of yoy than 1-yr-
old fish in this month. 
The mean abundance of C. cooperi was significantly higher 
in trout from section C compared with section B of Hunt Creek. 
Young-of-year fish did not playa role in this difference because 
they had significantly lower abundances of C. cooperi than 1-
yr-old fish. Length of 1-yr-old fish does not playa role because 
fish from section C were smaller than fish in section B. One 
explanation for this difference is that sphaeriid clams and may-
fly intermediate hosts for C. cooperi are more common in sec-
tion C compared with B, but Wills et aI. (2005) did not find 
any significant differences in their densities between sections. 
It is possible that the higher discharge in section B carried many 
of the cercariae of C. cooperi out of this area so they could not 
infect mayflies and reduced the availability of the mayfly in-
termediate hosts to brook trout. Similarly, Voth et aI. (1974) 
reported that the prevalences of Crepidostomum jarionis and 
Rhabdochona sp., which use mayflies as intermediate hosts, de-
creased in brown trout as the volume of waterflow increased in 
a river. Also, A. dirus infected significantly more trout in section 
B compared with section C. Isopod intermediate hosts of A. 
dirus are more common in section B than in section C (Wills 
et aI., 2005). 
The parasite fauna of juvenile brook trout in Hunt Creek 
comprised only 4 parasite species. After S. edwards ii, trout next 
became infected with A. dirus, then C. cooperi and C. ephem-
eridarum. The examination of frozen trout might not detect the 
occurrence of protozoans and monogeneans. One would as-
sume, however, that if they were present, they would have been 
detected in 1 or more of the trout examined. This low parasite 
species richness occurred because only juvenile fish were ex-
amined, because of the small number of invertebrate species 
present that can serve as intermediate hosts, and because of the 
lack of other fish species that harbor generalist parasites in Hunt 
Creek. Similarly, Muzzall (1984) found 4 and 3 parasite species 
in brook trout, respectively, in 2 smalliotic environments (Fish 
Creek and Honey Creek) in Michigan. Furthermore, only 3 par-
asite species were found in brook trout in Sweetwater Creek in 
Michigan (Muzzall, 1993; Hernandez and Muzzall, 1998; data 
not shown). In contrast to these studies, Muzzall (1986) found 
10 parasite species in brook trout from the Au Sable River, a 
larger lotic environment in Michigan. 
Although brook trout examined from the Au Sable River 
were generally larger than those examined from these small 
Michigan creeks, other factors are involved in this difference 
in parasite species richness in brook trout between large and 
smalilotic environments. First, a greater diversity of organisms 
can serve as possible intermediate hosts in larger lotic environ-
ments (Smith, 1996). Second, more fish species are present in 
larger lotic environments, and they harbor generalist parasites 
that can infect brook trout. Also, other vertebrate species, par-
ticularly piscivorous birds associated with larger lotic environ-
ments, are involved in the life cycles of parasites that can infect 
trout. Similarly, Marcogliese and Cone (1991b) found that 
brook trout and Atlantic salmon in small ponds had lower par-
asite species richness compared with the same fish species in 
medium and large lakes. Furthermore, Muzzall and Sweet 
(1986) found 13 parasite species in 205 mottled sculpins from 
the Au Sable River compared with 3 parasite species infecting 
109 mottled sculpins examined in 2003 and 2004 from Hunt 
Creek (data not shown). 
All parasite species found in this study mature and become 
gravid in or on brook trout. Similarly, Esch et al. (1988) and 
Marcogliese and Cone (1991a) reported that most parasites in-
fecting salmonids mature and become gravid in them. The ab-
sence of larval parasites in juvenile brook trout is difficult to 
explain because great blue heron, kingfisher, mink, otter, and 
raccoon eat brook trout in Hunt Creek (A. Nuhfer, pers. 
comm.). Similar to the results of brook trout, larval parasites 
were not found in mottled sculpins from Hunt Creek. 
The 4 parasite species infecting brook trout in Hunt Creek 
are common in Michigan because they have been found in 
brook trout from other lotic environments (Muzzall, 1984, 
1986). Crepidostomum cooperi and A. dirus are generalists oc-
curring in several fish species in a variety of families. Cystidi-
coloides ephemeridarum is a specialist; gravid worms are found 
only in salmonids. SaZmincoZa edwardsii is the most specialized 
of the parasites, primarily being found on brook trout, with its 
distribution limited by its host specificity to brook trout and the 
distribution of its host. 
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CLARIFICATION OF CERCARIA SEVILLANA (DIGENEA: MICROPHALLIDAE) LIFE CYCLE 
USING MORPHOLOGICAL AND MOLECULAR DATA 
Susana M. R. Pina, Fernanda Russell-Pinto*, and Pedro Rodriguest 
Laboratory of Aquatic Zoology, ICBAS-Abel Salazar Institute for the Biomedical Sciences, CIIMAR-Centre for Marine and Environmental 
Research, University of Oporto, Lg. Prof Abel Salazar, 2, 4099-003 Porto, Portugal. e-mail: russel/@icbas.uppt 
ABSTRACT: Cercaria sevillana is the cercaria larval stage that infects the gonads and the digestive gland of its first intermediate 
host, Nassarius reticulatus, In this study the decapodous crustacean Carcinus maenas was used to determine if it would serve 
as second intermediate host in the parasite's life cycle, The latter hypothesis was based on the knowledge that C maenas is the 
second intermediate host of several other digenean species. After dissection, it was possible to observe encysted metacercariae 
in the antennal glands of the green crab. After biochemical excystment, the metacercariae were processed for light and scanning 
electron microscopy. The morphological features observed led us to conclude that this species was a microphallid fluke, and it 
was identified as Gynaecotyla longiintestinata. To establish a possible relationship between C sevillana and this metacercariae, 
the ITS 1 region was analyzed. Thus, DNA was extracted from C sevillana and from the cysts isolated from the antennal glands. 
The ITSI region was amplified and sequenced, and the alignment clearly demonstrated that the cercaria and the metacercariae 
belonged to the same species, G. longiintestinata. 
Russell-Pinto and Bartoli (2002) described Cercaria sevil-
lana as a new species of microphallid fluke, infecting the go-
nads and digestive gland of the prosobranch Nassarius reticu-
latus (Linnaeus, 1758) (Nassaridae) collected from Ria de Av-
eiro, Portugal. Its life cycle has remained unknown to the pres-
ent, because it was impossible to link the larval stage to a 
definitive host species based solely on its morphological char-
acters, However, according to Russell-Pinto and Bartoli (2002), 
some features such as the shape of the stylet and excretory 
vesicle of C. sevillana were also found in gynaecotylin (Micro-
phallidae) cercariae and adults. 
Some of the difficulties in understanding digenean life cycles 
may be overcome through the use of molecular techniques. For 
example, nuclear ribosomal RNA genes, particularly the inter-
nal transcribed spacers, permit differentiation of closely related 
digeneans (Blair et aI., 1996; Bartoli et aI., 2000) and have been 
widely used to study relationships among parasitic platyhel-
minths. 
The aim of the present work was to identify the natural meta-
cercaria larval stage of C. sevillana. The search for this larval 
stage was conducted in the crustacean Carcinus maenas (Lin-
naeus, 1758), known to be the second intermediate host of sev-
eral other microphallid digeneans, In this study a combination 
of morphological and molecular characteristics was used in an 
attempt to identify the metacercaria for C. sevillana. By ana-
lyzing the ITS I sequence we hoped to establish an unequivocal 
correspondence between these larval stages and contribute to 
the clarification of C. sevillana life cycle. 
MATERIALS AND METHODS 
Collection and storage of specimens 
Carcinus maenas and N. reticulatus were collected at low tide in the 
S. Jacinto channel, Aveiro estuary (Portugal), during 2003. In total, 144 
snails were hand-picked from stones, sand, and mud covering the bot-
tom of the water column. Seventy-five C maenas were captured with 
the aid of a shrimp net, using rotten fish as bait. In the laboratory, the 
molluscs were isolated in glass containers filled with filtered seawater 
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obtained from the A veiro estuary and maintained at ambient laboratory 
temperature (22-26 C). The containers were examined daily under a 
stereo-microscope for detection of spontaneous cercariae emission. The 
crabs were stored in an aerated glass aquaria filled with filtered seawater 
from the same locality and kept under a 12112 hr light/dark regime. The 
C maenas were fed with small pieces of frozen fish once a day. Sample 
specimens were dissected; the antennal glands were removed and 
pressed between 2 Petri dishes to detect encysted metacercariae. 
Observation of larval stages 
A morphological examination of the cercariae and metacercariae 
stages was conducted on living and fixed specimens; N. reticulatus 
spontaneously emitted cercaria that were collected and identified. Cysts 
were removed from the C maenas antennal glands and observed using 
a binocular microscope; photographs were taken using a photomicro-
scope (Carl Zeiss Axiophot). The dimensions of 1,184 specimens were 
recorded. In vitro excystment was carried out at 41 C, for 20-60 min 
in 5 ml of bicarbonate saline (0.8% w/v sodium chloride and 1.5% w/ 
v sodium bicarbonate) containing 0.25% w/v sodium taurocholate and 
0.25% w/v trypsin, as adapted from Irwin et al. (1984). The metacer-
cariae that emerged from the cysts were placed in a small drop of 
seawater on a slide, heat killed over a flame, immediately fixed in 
Bouin's fluid without flattening, stained in borax carmine, and mounted 
in Canada balsam. The metacercariae description was based on 13 
stained flukes and numerous live specimens. 
For scanning electron microscopy (SEM), metacercariae were fixed 
in 2.5% glutaraldehyde, buffered with 0.1 M sodium cacodylate at pH 
7.4 for 2 hr at 4 C. Fixed specimens were washed for an additional 2 
hr at 4 C in the same buffer. They were postfixed for 1-2 hr in 1 % 
osmium tetroxide in the same buffer at room temperature and dehy-
drated as previously described by Russell-Pinto and Bartoli (2002). The 
samples were critical point dried in CO2 , Mounted specimens were coat-
ed with gold and photomicrographs were obtained with a JEOL-JSM-
6301 F scanning electron microscope operating at 15 kY. 
Molecular analysiS 
DNA extraction, amplification, and sequencing: DNA from 200 cer-
cariae naturally released from N. reticulatus and 75 encysted metacer-
cariae isolated from C maenas antennal glands was extracted using a 
Sigma (St. Louis, Missouri) kit (GenElute@ mammalian genomic DNA 
kit) following the manufacturer-recommended protocol, with the excep-
tion that complete digestion was extended to overnight at 55 C instead 
of incubation at 70 C for 10 min. 
Polymerase chain reaction (PCR) amplifications were performed in a 
total volume of 50 fLI (36.3 fLI H20, 5 fLI Taq buffer, 1 fLI dNTp, 1.5 fLI 
MgCI2 , 0.5 fLl of each primer, 0.2 fLI platinum Taq polymerase, 5 fLI of 
template DNA solution), with the following thermocycling profile: 5 
min denaturation at 94 C; 40 cycles for 30 sec at 94 C, 30 sec at 54 
C, 2 min at 72 C; and a final extension for 10 min at 72 C. The ITS 1 
region of the rDNA was amplified using a digenean specific primer 
located 195 base pairs (bp) from the 3' end of the 18S rDNA (5' -GGT 
FIGURE I . Photomicrographs of 1 live cyst isolated from the anten-
nal glands of C. maellas. (A ) Encysted metacercariae of C . longiintes-
tinata . Abbreviations: (el) external layer, (Ev) excretory vesicle, (i l) 
internal layer, (Os) oral sucker. 
AAG TGC AAG TCA TAA GC-3'), and a universal primer located 35 
bp from the 5' end of the 5.8S rDNA (5'-GCT GCG CTC TIC ATC 
GAC A -3') (according to Bartoli et aI., 2000). PCR amplicons were 
excised from the gel and purified using Qiagen Qiaquick~ gel ex traction 
kit (Valencia, California) and sequenced. M etacercaria and cercaria se-
quence data were submitted to GenBank under acce sion numbers 
DQI1 802 1 and EFOlll1 3, respecti vely. 
DESCRIPTION 
Gynaecotyla longiintestinata Leonov, 1958 
(Figs. 1-3) 
Light microscopy: Oval cysts containing metacercariae with a 2- lay-
ered wall, one internal and the other ex ternal , both with variable thick-
ness (Fig. I A ). Cy ts 322-384 (361 ) long and 269-348 (303) wide. 
M etacercariae rolled inside cyst with oral ucker ; 2 ventral suckers and 
the excretory vesicle v isible (Fig. I A ). 
Excysted metacercariae pyri form in shape; oral sucker subterminal , 
longer than wide; ventral uckers spheri cal and slightly different from 
each other, situated at same level, a lillie off center toward the oral 
sucker (Fig. 2A ); left slicker (antiporal) slightly bigger than right one 
(poral) (Fig. 2C, D). Digesti ve tract w ith short prephar ynx preceding 
an ovoid pharynx followed by straight esophagus; branched digesti ve 
cecae surrounding prostate-vesicle bag ending at level o f anterior edge 
of testes (Fig. 2A , B). Two equal and symmetrica l, slightly ovoid testes 
at the genital level (Fig. 2A ). Transversal prostate-vesicle bag, delimited 
by a fine and continuous wall containing seminal ves ic le and prostate 
gland of reduced dimensions. No cirrus or papilla as copulatory organs 
(Fig. 2D). A common duct of prostate gland and eminal ves icle ended 
directl y in genital atrium, next to metraterJll orifi ce (Fig. 2E). Genital 
atrium, at ri ght side of poral sucker, containing an atrial organ or corn-
ucotyle, composed of 2 globous piece (Fig. 2D , E). External piece in 
form of increasing hal f moon with concavity directed to interior. Second 
piece, interior and smaller than ex ternal one, pre enting small spines in 
left hemi face (Fig. 2D , E: black arrow). Three chitinous plates, I in 
ex ternal face, I in internal, and I in atrial wall in connection w ith 
prostate-ve icle bag (Fig. 2D, E). Spheri ca l ovary at left and over an-
tiporal ucker (Fig. 2A ). Poorl y di fferentiated metraterm in genital atri -
um, in proximity to ej aculator orifi ce. Vitelline glands follicles, j ointed 
in 2 masses behind testis. Branched excretory ves icle reaching base of 
testi s, at posterior region (Fig. 2A ). 
Scanning electron microscopy: M etacercariae body edge slightly 
folded ventrally; ventral fold at preacetabular region (Fig. 3A ) . Tegu-
ment, in ventral and anterior face of body, covered by w ide spines, with 
13-15 digitated proj ections fac ing po terior region (Fig. 3B). Spine 
shorter and gradually presenting a mailer number of digitated projec-
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tions ( 1- 6) in both posterior ventral face and dor al face. Posterior 
region of body, near excretory pore, devoid of spines (Fig. 3C). Tran-
sition zone between w idest and shortest spines v isible at dorsal surface 
o f fluke (Fig. 3D). Oral sucker surrounded by numerous uniciliated 
papillary sensorial organs (Fig. 3E: white ar rowheads). Surface of lip 
wrinkled with numerous spines. Acetabulum with 2 clearl y spheri ca l 
ventral suckers (Fig. 3F). Sucker lip covered by numerou pines, iden-
tica l to ones coating posterior region of body (Fig. 3G). Lip of each 
sucker with 4 sensorial , un iciliated papillae, disposed symmetri ca lly in 
midline (Fig. 3F: black arrowheads) . Sen orial organs also di spersed in 
ventra l face, before acetabulum. Tegument folds in postacetabular re-
gion (Fig. 3F: white arrows). 
Molecular data: PCR amplifica tion of the ITS I ribosomal DNA of 
C. sevillalla cercariae y ielded a single product with a size of about 900 
bp. A fter analys is of PCR product equence, putati ve 18S and 5.8S 
region were identi fied through compari son w ith identica l regions of 
other digenean and found to be 190 and 25 nucleotides long, re pec-
ti ve ly. Therefore, sequence encoding for ITS I region presented 657 
nucleotides in length. Sequence encoding for ITS I region of C. 10 11 -
giilltestinata metacercariae, collected in naturally infected C. maellas, 
was found to be identica l to the sequence obtained from C. sevillana . 
Taxonomic summary 
Type hosts: Nassarius reticulatus Linnaeus, 1758 (Prosobranchia, 
Caenogastropoda, Nassaridae) as first intermediate host and Ca rcillus 
maenas Linnaeus, 1758 (Crustacea, Decapoda) as second intermediate 
host. 
Site of infection: Antennal glands o f C. maellas. 
Locality: S. Jacinto, Ria de A veiro, orth of Portugal (40°30 ' 
8°43' W ). 
Prevalellce: 5.76% ( 19 of 330 N. reticulatus) and 70.7% (53 o f 75 
C. maellas) during the period from February until November 2003. 
Remarks 
Cercaria sevillalla n. p. was fir t reported in N. reticulatus in Ria 
de A veiro by Russell-Pinto and Bartoli (2002). A ccording to the char-
acters obser ved, C. sevillalla was found to belong to the Microphallidae, 
and their features allowed its inclusion into the subgroup " Ieptocercus 
anenteric monostomus x iphidiocercaria." Observations and measure-
ments showed that C. .I·evillalla corresponded to Cercaria misellensis as 
previously described by Dolgikh ( 1965). However, the exceptional 
hape of the excretory ves icle suggested that C. sevillalla belonged to 
the Gynaecoty linae. 
The morphology of the excysted metacercariae from the crab antennal 
glands examined here suggested that this par asite could be C. lOllgiin-
testillata by compari son to the data presented by PrevOl ( 1974). Because 
of the use of molecular techniques, thi s work proved that C. sevillalla 
cercariae and C. IOllgiilltestillata melacercariae are the same pecies. 
DISCUSSION 
In the pre ent study we clarify the life cycle of C. sevillana 
by using a combination of morphological and molecular char-
acte ri stics. We were able to establi sh the link between the cer-
caria known as C. sevillana infecting N. reticulatus and the 
metacercari a previous ly identified as C. longiintestinata infect-
ing C. maenas. 
Russell-Pinto and Bartoli (2002) recently de c ribed a new 
microphallid , named C. sevillana, present on N. reticula/us, first 
inte rmediate host of its ce rcaria pha e. In the pre ent study, it 
wa po sible to identify the microphaJlid C . longiintes/inata, a 
ency ted metacercari ae in C. maenas antennal g lands, raj ing 
the question if C. sevillana alld C . longiintes/ina/a would be 
the cercari a and metacercaria larval stage of the same micro-
phallid di genean. Prevot ( 1974) described, by light microscopy, 
the morphology o f C. longiinteslinata metacerca ri a infecting 
Carcinus medilerraneus. However, the light micro copy and 
SEM data from our study were insuffi c ient to elucidate the life 
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FIGURE 2. PholOmicrographs o f the excysted metacercaria o f C. l ong iil1leslino lo from . lI1oellCiS. (A ) M etacercaria (ventra l v iew). (8 ) Detai l 
o f the cephalic region. (C) Detail of the 2 ventral suckers. (D . E) Detail of the ma le reproducti ve system. Abbreviations: (Aps) antiporal sucker. 
(Cor) cornucoty le. (Dc) digesti ve cecae, (Es) esophagus, (Ev) excretory vesicle, (Gvt) vitellaria glands. (Omet) metraterm orifi ce. (Os) oral sucker, 
(Ov) ovary, (Ph) pharynx, (Pph) prepharynx, (Ps) poral sucker, (pvb) prostate-vesic le bag, (Tes) testes. The cornucoty le is consti tuted by 2 globous 
pieces w ith 3 chitinous pl ates ( I , 2. and 3). The second piece, interiorl y, presented mall spines in the left hemi face (black arrow). 
F IG RE 3. Scanning electron micrographs of C. /ollgi illleslinora f rom . //IoellC/s. (A ) M elacercaria ( Iatero-ventra l view) w ith the body edges 
slightly fo lded ventra lly (b lack arrows). A venu'al fold could be obser ved (white arrow). (8 ) Tegumenl of the ventral and anterior face of the 
body. (C) Tegument of the posterior ventral face o f the body. (D) M etacercaria (dor al view). A l ransition zone bel ween the w idest and shortest 
spines was obser ved (while line). (E) Oral sucker surrounded by numerou papillary sensorial organ. (white arrowheads). (F) Two ventral suckers 
wi th 4 unici l iated papill ae each (black arrowheads). Some tegument folds could be obser ved (white arrows). (G ) Delail of the surface of I ventral 
sucker l ip. Abbreviations: (Ps) papillary sensorial organ. 
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cycle of C. sevillana. The marked difference in morphology 
between the cercaria and metacercaria stages made impossible 
the establishment of a direct relationship. Although the data 
produced from microscopy studies are very important, they can 
also be confusing and misleading. The adaptive nature of many 
morphological characters causes a high level of homoplasy. 
Molecular methods based on DNA sequencing can offer a 
new tool for larval stage identification (Jousson et aI., 1998) 
and clarification of digenean life cycles (Bartoli et al., 2000; 
Jousson and Bartoli, 2000), overcoming the limitations of a 
strictly morphological approach. In the present study, the se-
quence of ITS 1 of the ribosomal DNA was used to identify the 
metacercaria of C. sevillana and aided in clarifying its life cy-
cle. With this molecular method, it was possible to find a match 
between C. sevillana cercariae and the isolated cysts of meta-
cercariae in antennal glands of C. maenas. The fact that meta-
cercariae of C. sevillana were found in this host is not surpris-
ing since the shore crab is known to be a second intermediate 
host for a number of digenean parasites (Benjamin and James, 
1987; Saville and Irwin, 1991). Until now, however, this species 
was studied only in the Mediterranean Sea (Prevot, 1974); with 
the results obtained here, this parasite is, for the first time, ref-
erenced in Atlantic Coast waters. 
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ECHINOSTOMATID LARVAL STAGES IN LYMNAEA VIATRIX 
(GASTROPODA: PULMONATA) FROM SOUTHWEST PATAGONIA, ARGENTINA 
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ABSTRACT: The partial life cycle of an echinostomatid found in Lymnaea viatrix from Patagonia, Argentina, was experimentally 
clarified. Emerging cercariae were exposed to laboratory-reared specimens of Biomphalaria sp. Metacercariae obtained from both 
naturally and experimentally infected snails were force-fed to chicks. Specimens recovered from the chicks belong to Echino-
paryphium sp. on the basis of morphological features. The studied species possesses 43 collar spines arranged in 4-4-27-4-4 at 
all stages, a cercariae with over 100 small corpuscles in the excretory system, a cercariae tail without finfolds, and a metacercariae 
with a thin cyst wall. The present species cannot be assigned to Echinoparyphium megacirrus despite their morphological 
similarity because of differences in the habitats of L. viatrix and the intermediate hosts of E. megacirrus, namely Chitina 
dombeiana, Diplodon chilensis, and Temnocephala chilensis. More information on some life cycle stages and on the ecology of 
the intermediate hosts is needed to clarify the taxonomic status of the parasite. This study represents the first detailed description 
of parasites other than Fasciola hepatica in L. viatrix from Argentina. 
Species of Lymnaea act as first, second intermediate, or both 
types of host for several trematodes. Fasciola hepatica Linnae-
us, 1758, is considered to be the most important species because 
of its large medical and veterinary concerns (Malek, 1985; 
Bargues et al., 2001). Echinostomatids are another group of 
trematodes that have been reported in lyrnnaeid snails (Kanev 
et aI., 2000), and among these, Echinostoma and Echinopary-
phium represent the most species-rich genera. In Europe, for 
example, Lymnaea stagnalis (Linnaeus, 1758) is known to be 
naturally infected with Echinostoma revolutum (Frolich, 1802) 
(Kanev, 1994) and Echinoparyphium aconiatum Dietz, 1909 
(Falt,Ynk.ova, 2005), and Lymnaea peregra (Muller, 1774) with 
E. revolutum (Vayrynen et aI., 2000), Echinostoma friedi To-
ledo, Munoz-Antoli, et Esteban 2000 (Toledo et aI., 2000), and 
Echinoparyphium recurvatum (v. Linstow, 1873) (Toledo et al., 
1998). In the Americas, only the following 3 lyrnnaeid species 
were found parasitized by echinostomatid larval stages: Lym-
naea elodes (Say, 1821) by E. revolutum in the United States 
(Sorensen et al., 1997), Lymnaea columella Say, 1817, by.an 
unidentified echinostomatid in Brazil (Carvalho et aI., 2001), 
and Lymnaea attenuata Say, 1829, by E. revolutum in Mexico 
(Caballero and Larios, 1940). 
Lymnaea viatrix D'Orbigny 1835 is widely distributed from 
Mexico (Naranjo Garcia, 2003) to southern Argentina (51 oS; 
Paraense, 1982, 2005). Although it has been mentioned as host 
of unidentified echinostomatids in the Andean valleys of Chu-
but Province, Patagonia, Argentina (Kleiman, 2004), F. hepat-
ica is the only trematode species taxonomically determined at 
present. 
To contribute to the knowledge of the parasitic fauna of L. 
viatrix, the aim of this work was to describe echinostomatid 
larval stages present in L. viatrix from Patagonia, Argentina, 
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and experimentally obtained adults belonging to a species of 
Echinoparyphium. 
MATERIALS AND METHODS 
Specimens of L. viatrix were collected from water bodies in Cholila, 
Chubut Province, Argentina (42°32'S, 71°34'W) and transported alive 
in plastic boxes with wet cotton pads to the laboratory (Kleiman, 2004). 
Snails were placed in 5 ml of tap water, exposed to light to stimulate 
shedding of mature cercariae, and then dissected to search for larvae. 
Emerging echinostomatid cercariae from naturally infected snails were 
exposed to laboratory-reared Biomphalaria sp. Experimentally and nat-
urally infected snails were held separately in small aquaria and fed with 
lettuce ad libitum. 
Between 30 and 45 mature metacercariae from both naturally and 
experimentally infected snails were force-fed to each of 14 newly 
hatched, unfed chicks (Gallus gallus domesticus L.). The test animals 
were kept in cages with food and water ad libitum under appropriate 
temperature conditions and necropsied at different times of postinfection 
(PI) to obtain the adults. 
Larval stages from naturally infected snails were studied alive or after 
formalin fixation of host viscera and measured while they were under 
a coverslip. Adults were fixed in nearly boiling 4% formalin, stained 
with alcoholic hydrochloric carmine, dehydrated through a graded eth-
anol series, cleared in creosote, and mounted in Canada balsam. Adults 
were also examined as temporary whole mounts in glycerine. Measure-
ments are given in micrometers and expressed as ranges, with mean ± 
SD in parentheses. Figures were made with the aid of a camera lucida 
and details were added freehand. Specimens were deposited in the Par-
asitological Collection of the Museo Argentino de Ciencias Naturales 
"Bern.ardino Rivadavia," Buenos Aires, Argentina (MACN-Pa). 
DESCRIPTION 
Echinoparyphium sp. 
(Figs. 1, 2) 
Adults: Measurements from 18 ovigerous, experimentally obtained 
adults. Body elongate 1,840-2,782 (2,305.8 ± 210.5) long reaching 
maximum width 304-452 (385.8 ± 45.4) at acetabulum level. Head 
collar well developed, bearing 43 conspicuous collar spines in 4-4-27-
4-4 arrangement. Four comer spines (2 aboral 25-55 [43.5 ± 0.4] long 
and 2 oral 32-57 [46.2 ± 0.8] long) larger than lateral spines 24-51 
(39.8 ± 0.5). Twenty-seven dorsal spines in double row (14 oral 21-
44 [32.3 ± 1.4] slightly smaller than 13 aboral 25-49 [39.5 ± 1.0]). 
Oral sucker terminal, 63-107 (89.3 ± 12.4) long by 63-100 (84.4 ± 
8.9) wide. Short prepharynx 13-19 (15.7 ± 3.4) followed by muscular 
pharynx 69-107 (81.3 ± 10.5) long by 44-82 (59.3 ± 10.9) wide. 
Esophagus 295-410 (347.9 ± 47.0) bifurcates in front of ventral sucker 
• 
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FIGURE 1. Echinoparyphium sp. 7-day-old adult. Collar spines omit-
ted. Scale bar = 200 ILm. 
FIGURE 2. Echinoparyphium sp. collar spines of 7-day-old adult. 
Scale bar = 100 ILm. 
into 2 intestinal ceca reaching end of body. Ventral sucker 207-352 
(284.2 ± 40.2) long by 76-283 (240.2 ± 27.6) wide in first third of 
body. 
Sexual organs in middle third of body. Ovary spherical, pretesticular, 
postacetabular, 75-245 (120.4 ± 35.2) long by 94-220 (127.6 ± 28.3) 
wide. Testes large, elongate, with smooth borders and in tandem. An-
terior testis 188-289 (234.2 ± 25.5) long by 132-251 (193.6 ± 27.4) 
wide. Posterior testis larger than anterior one, 257-371 (325.5 ± 23.8) 
long by 119-226 (183.6 ± 32.8) wide. Cirrus sac ovoid, 132-264 
(212.5 ± 38.0) long by 110-182 (142.3 ± 20.7) wide located dorsal to 
ventral sucker contains a single seminal vesicle, prostatic glands, and 
an unspined cirrus. Distance between ovary and anterior testis 50-126 
(97.5 ± 63.8). Distance between posterior testis and posterior end of 
body 320-659 (493.4 ± 86.7). Vitellaria composed of numerous large 
follicles forming 2 lateral bands: right band 0-100 (42.1 ± 30.2), left 
band 19-100 (58.4 ± 33.1); both bands extend from behind posterior 
margin of ventral sucker to end of body, overlap with ceca, and do not 
converge posterior to the testes. Uterus between ventral sucker and ova-
ry, 132-377 (205.4 ± 58.1) long, limited laterally by vitellaria. Uterus 
with up to 20 (10.9 ± 5.0) operculated eggs, 72-107 (83.2 ± 8.6) long 
by 35-54 (43.5 ± 5.1) wide. Freshly laid eggs, recovered from feces 
of chicks, 92-100 long by 58-60 wide. 
Excretory bladder consisting of a single chamber in midline of body, 
posterior to testes, receives lateral collector ducts from anterior body 
region and opens to exterior by subterminal excretory pore. 
Specimens immature at day 3 PI (n = 8), fully mature without eggs 
at day 5 PI (n = 2), and fully mature with eggs at day 7 PI (n = 18). 
Metacercariae (Fig. 3): Measurements from 20 live specimens. Cysts 
spherical, distributed mainly over the pericardial cavity and hepatopan-
creas: 139-167 (150 ± 8.7) in diameter, cyst wall 3-9 (6 ± 2.0) in 
thickness. Calcareous corpuscles in excretory tubes 2-5 (3 ± 1.8) in 
diameter. Collar spines clearly visible in excysted metacercaria, with a 
double row of 43 collar spines in 4-4-27-4-4 arrangement. 
Cercariae (Fig. 4): Observations performed on live cercariae; mea-
surements taken from 4 fixed specimens. Body 248-357 long by 95-
132 wide, tegument with spines extending up to level of ventral sucker. 
Head collar well developed, with 43 spines. Oral sucker subterminal, 
32-45 long by 38-51 wide. Prepharynx short; prepharyngeal body not 
observed. Pharynx muscular, esophagus long, intestine bifurcates just 
anterior to ventral sucker, ceca dorsal to excretory tubes, reaching level 
of excretory vesicle. Ventral sucker 45-51 long by 45-51 wide, slightly 
larger than oral sucker, situated posterior to midbody. Cystogenous cells 
with granular contents, lying between the pharynx and end of body. 
Penetration glands not observed, but 6 gland duct openings anterior to 
oral sucker. Paraesophageal gland cells not observed. 
Excretory system stenostomate, with main tubes extending from an-
• 
FIGURES 3- 4. Echilloparyphilllll sp. larval stages in Lymllaea viatrix 
from Patagonia, Argentina. (3) M etacercariae. (4) Cercariae. Scale bar 
= 100 j.1.I11. 
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terior wall of excretor y ves icle 10 prepharyngeal level ; main collecting 
rubes narrow, containing > 100 ca lcareous corpusc les 1.6-3.2 in diam-
eter. Caudal ducl of excretory system enters anterior porti on of tail , 
bifurcates into 2 branche ending on lateral body margins. Tail 3 15-
422 long by 38- 44 wide, w ithout finfold s. . 
Taxonomic summary 
Natural definitive host: U nknown. 
Experimental definitive host: Callus gallus domesticus Linnaeus, 
1758. 
Site oj inJectioll : Duodenum and proximal segment of small intestine. 
First illlermediate host: LYll1l1aea viatrix D 'Orbigny 1835 (nalllral) , 
deposited in the Invertebrate National Collection o f the Museo Argen-
tino de Ciencias aturales " Bernardino Ri vadavia," Buenos Aires, Ar-
gentina (MACN-In 36848). 
Second intermediate host: Lymnaea viatrix D 'Orbigny 1835 (nalllral); 
Biomphalaria sp. (experimental). 
Locality: Cholila, Chubut Prov ince, Argentina (42°32 ' S, 7 1 °34 ' W ). 
Specimens deposited: MACN-Pa 345/1 -5 
Remarks 
Specimens examined belong to Echinoparyphium (Dietz, 1909) on 
the basis of morpho logica l features of adults and cercariae, in particul ar, 
the presence of a head collar w ith spines arranged in a double row with 
dorsal aboral spines larger than oral ones in adults, the presence of 
numerous small corpusc le in the excretory system, and a cercari ae tail 
without finfolds (Fried and Graczyk, 2000; Kostad inova, 2005). 
The systematics of EchinoparyphiulI/ spp. has been characteri zed by 
a long history of inadequate descriptions, poor speci fic d iagno es, ex-
tensive synonymy, and other problems (Kostadinova and Gibson, 2000). 
Features often used for species di scrimination include morphology and 
morphometry of larvae, adults, or both; host- parasite relationships; geo-
graphical distribution; and molecular analyses. However, no consensus 
ha emerged on the most reli able characteri sti cs for species identi fica-
tion. tn an attempt to overcome this difficulty, species have been ar-
ranged in species groups on the basis of their li fe cyc le and morpho-
logica l traits, such as the number of collar spines. For example, some 
European spec ies were included within the " recurvalllm" group (K os-
tadinova and Gibson, 2000). At present, only 5 o f the 60 species of 
Echinoparyphium posses · 43 spines. Three o f these spec ies are found 
in the Americas ( i.e., EchinopOl)'phiulll rubrlllll (COI1 , 19 14) from orth 
America and Echilloparyphiull1 scapteromae (Sutton, 1983) and £. me-
gacirrus Semenas, Brugni , et Ostrowski de (iiiez, 1999, from Argen-
tina) (Sutton and Lunaschi , 1994; K anev et aI., 1998 ; Semenas et aI. , 
1999). 
The present species differs from E. rUbn./l/l in the smaller ize of the 
body ( 1,840- 2,782 vs. 3,800-6,800), oral (63- 107 vs. 125- 180) and 
ventral (207- 352 vs. 320- 650) suckers, anterior testi s ( 188- 289 vs. 
240-600), and cirrus sac ( 132- 264 vs. 280- 660) and in the fi rst natu ra l 
intermediate host, the snail Physa gyrina Say, 182 1. It differ from E. 
scapteromae in the smaller size of the oral (63- 107 vs. 100- 120) and 
ventral (207- 352 vs. 300- 400) suckers, anterior testi s ( 188- 289 vs. 
290- 470) and cirrus sac ( 132- 264 vs. 300- 500): in the arrangement of 
the co llar spines (4-4-27-4-4 vs. 5-2- [28-3 1 J-2-5), and in the definiti ve 
host (i.e. , a rodent). 
The morphology of the present species is very similar to thal of E. 
II/egacirrus, which wa first described from metacercariae found in the 
freshwater mussel Diplodoll chilensis (Gray 1828) at Lake Gutierrez, 
Patagonia, Argentina, and from mature adults recovered from experi -
mentally infected chicks (Semenas et al. . 1999). Recently, melacercariae 
of E. megacirrus were also found in Temllocephala chilellsis (M oquin-
Tandon, 1846) co llected in the same area (Viozzi el aI., 2005). 
The EchinopOl)'phium sp. spec imens studied here can be di stin-
gui shed from E. megacirrus by minor morphometric d i fferences such 
as smaller ventral sucker (207- 352 vs. 284- 377), anterior testi s ( 188-
289 vs. 198- 347), intrauterine eggs (72- 107 vs. 82- 11 3), and larger 
pharynx (69- 107 vs. 63- 88). In addi tion, these species are likely to 
vary in the location o f adults in the experimental definitive host because 
the present species occurs in the duodenum and prox imal part of the 
small intestine, whereas E. lIlegacirrus is found in the di stal part (Se-
menas et aI. , 1999). M etacercariae also differ in size ( 139- 167 vs. 148-
252). These slight differences would not be sufficient to separate the 
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present Echinoparyphium sp. from E. megacirrus, but variations in bi-
ological features such as the species and habitat of the natural inter-
mediate hosts lead us to wonder whether another species is involved. 
Semenas et aI. (1999) could not find cercariae of E. megacirrus in the 
studied area of Patagonian lakes because those with 43 collar spines 
emerging from Chilina dombeiana (Bruiguiere, 1789) failed to encyst 
in the second natural intermediate host D. chilensis. In a study con-
ducted in lakes near Bariloche, Patagonia, Argentina, Flores (2004) 
found C. dombeiana harboring metacercariae of E. megacirrus and cer-
cariae with 43 collar spines, tails without finfolds, and more than 144 
calcareous corpuscles in their excretory tubes. Despite the lack of ex-
perimental correspondence between these larval stages, the author as-
sumed that cercariae belonged to E. megacirrus on the basis of the 
morphological features mentioned above. 
In regard to the habitat, L. viatrix lives along the margins of streams, 
ponds, and rivers; on the mud bordering the shore; or on sticks, stones, 
and debris and is seldom found in the water (Malek, 1985). In the 
surveyed area of Cholila, specimens of the amphibious L. viatrix were 
mainly found in shallow areas (above 6 cm) of permanent and tempo-
rary lentic water bodies (Kleiman, 2004), whereas those of Chilina sp. 
inhabited deeper and colder lotic water bodies (E Kleiman, pers. 
comm.). Although Semenas et al. (1999) and Flores (2004) have not 
documented the occurrence of L. viatrix in the Patagonian lakes ex-
amined, its presence in the region was reported by Paraense (2005). In 
the Patagonian lakes and rivers studied, the second intermediate hosts 
of E. megacirrus (i.e., D. chilensis and C. dombeiana) were collected 
at depths of up to 10-20 m (Semenas et al., 1999; Flores, 2004), where-
as data for T. chilensis are not available (Viozzi et aI., 2005). The 
unidentified first intermediate host of E. megacirrus is expected to in-
habit the same depth as the second one because parasites requiring 
transmission between several host species are restricted to habitats in 
which all host species are sympatric (Wullschleger and Jokela, 1999). 
Therefore, the different types of habitats and environmental require-
ments of L. viatrix and the second intermediate hosts of E. megacirrus 
suggest that this snail does not act as first intermediate host in the 
parasite's life cycle. 
We consider that the Echinoparyphium sp. described herein should 
neither be assigned to E. megacirrus nor be erected as a new species 
because of the lack of information on some life cycle stages and on the 
ecology of the intermediate hosts for both species. However, our find-
ings represent a further step in clarifying the taxonomic status of this 
parasite and also contributes to enhance the knowledge of the parasitic 
fauna of L. viatrix, which has never been studied in detail. 
Lymnaea viatrix plays an important role in the transmission of F. 
hepatica in Argentina, Uruguay, Brazil, Chile, Mexico, and Peru (Al-
caino et al., 1993; Claxton et aI., 1997; MUller et aI., 1998; Castro et 
aI., 2001; Kleiman, 2004; Rangel-Ruiz and Gamboa, 2005). Echino-
stomes are often involved in antagonistic relationships with other di-
genean species. Boray (1967) suggested that echinostome infections in 
lymnaeids could be used for the biological control of Fasciola spp. In 
this regard, the negative influence of E. revolutum on F. hepatica co-
existing in the same lyrnnaeid snail has been experimentally confirmed, 
and low infection prevalence of F. hepatica occurring simultaneously 
with high infection prevalence of echinostomes has also been observed 
in the field (Boray, 1967). The taxonomic identification of parasites 
infecting L. viatrix could serve as a basis for further studies on the 
regulation of F. hepatica larval stages. .' 
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EXPRESSION OF FLOTILLlN-1 ON EIMERIA TENELLA SPOROZOITES AND ITS ROLE IN 
HOST CELL INVASION 
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ABSTRACT: Lipid rafts are detergent-resistant, liquid-ordered microdomains in plasma membranes that are enriched in cholesterol 
and sphingolipids and involved in intracellular signal transduction, membrane trafficking, and molecular sorting. In this study, 
we investigated the possibility that lipid rafts on Eimeria tenella sporozoites may act as platforms for host cell invasion. Flotillin-I, 
a resident protein of lipid rafts, was identified on E. tenella sporozoites and was prominently expressed at the apex of the cells, 
a region mediating host cell invasion. Pretreatment of sporozoites with antibody against flotillin-I blocked parasite invasion, 
Furthermore, the anticoccidial drug, monensin, disrupted the localization of flotillin-l within raft structures resulting in loss of 
invasion. We conclude that Eimeria sporozoites utilize lipid rafts containing flotillin-l for internalization into host cells. 
Eimeria tenella is an intracellular protozoan parasite that in-
vades cecal epithelial cells, where it multiplies, leading to the 
development of coccidiosis. The molecular mechanisms 
through which parasites infect host cells are not well known. 
During the last few years, studies on the invasion process by 
intracellular protozoans have provided information on the role 
that cellular membranes play during parasite internalization 
(L6pez-Bernad et al., 1996; Entzeroth et aI., 1998; Brown, 
2003). Increasing evidence suggests that host cell invasion by 
apicomplexan parasites involves a cascade of events, including 
parasite motility, attachment to the host cell surface, signal 
transduction, secretion of apical vesicles, and formation of the 
parasitophorous vacuole (Dubremetz et al., 1998; Bumstead and 
Tomley, 2000; Opitz and Soldati, 2002). 
Many proteins involved in signal transduction and vesicular 
trafficking are abundant in lipid rafts, such as Src-family tyro-
sine kinases, protein kinase C, heterotrimeric and small G pro-
teins, tyrosine kinase receptors, and G-protein-coupled recep-
tors (Anderson, 1998; Edidin, 2003). Lipid rafts are detergent-
resistant, liquid-ordered microdomains in plasma membranes 
that are enriched in cholesterol and sphingolipids, and play crit-
ical roles in many biological processes, such as signal trans-
duction, apoptosis, cell migration, synaptic transmission, orga-
nization of the cytoskeleton, and protein sorting (Ding et al., 
2004). We hypothesized that Eimeria spp. rafts may act as plat-
forms for conducting the variety of cellular functions in~olved 
in host cell invasion. 
In an attempt to identify the parasite surface components in-
volved in the interaction with the host cell, in this research we 
have focused on the rafts of Eimeria tenella that may be in-
volved in the host cell invasion process. For this purpose, an 
antibody that specifically reacts wiJQ. a resident lipid raft pro-
tein, flotillin-l, was used. Flotillin-l is known as a key struc-
tural component and a marker of lipid rafts (Wakasugi et aI., 
2004). 
Monensin is a biologically active polyether sodium- and po-
tassium-selective carboxylic ionophore antibiotic produced by 
Streptomyces cinnamonensis. Monensin is often used in exper-
imental research for its transmembrane ionophoric attributes 
(Foey et aI., 1997; Marumoa and Wakabayashia, 2005). AI-
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though it has a limited antibacterial activity (Russell and Hou-
lihan, 2003), the drug is used worldwide in veterinary medicine 
for improvement in feed efficiency in cattle and as a feed ad-
ditive against coccidiosis in chickens, turkeys, quail, goats, and 
cattle. It has been proposed that monensin is a highly lipophilic 
polyether that accumulates in cell membranes and causes pro-
found alterations in its lipid composition (Mollenhauer et aI., 
1990; Gordon and Lloyd, 1994; Brown and London, 2000). The 
anticoccidial activity of monensin and its ability to regulate the 
level of cell surface sphingolipids led us to study the effect of 
monensin on the rafts of sporozoites of E. tenella and the role 
of E. tenella lipid rafts during parasite invasion. The present 
study was conducted to determine, via immunofluorescence and 
immunoblotting, the expression and localization of flotillin-l on 
sporozoites of E. tenella. In addition, evidence is provided that 
lipid rafts containing flotillin-l are involved in host invasion. 
MATERIALS AND METHODS 
Experimental design 
A monensin-sensitive strain of E. tenella was obtained from litter 
samples collected from broiler grower houses located in Zaragoza, 
Spain. It was cultivated from a single oocyst isolated by a micromanip-
ulator (Eppendorf, Hamburg, Germany). 
To study the effect of monensin on the expression of flotillin in E. 
tenella sporozoites, a monensin-resistant line was obtained from the 
above-mentioned strain following the procedure of Zhu et al. (1994). 
Purified sporozoites of both the parent strain (12 X 106) and the mo-
nensin-resistant line (12 X 106) were divided into 4 groups, groups I 
and 2 (parent strain) and groups 3 and 4 (resistant line), consisting of 
6 X 106 sporozoites each. Those from groups 1 and 3 were incubated 
in phosphate-buffered saline (PBS), pH 7.2, whereas those from groups 
2 and 4 were challenged with monensin at 0.3 ILg/rnl in PBS. Sporo-
zoites were incubated at 41 C for 3 hr. Samples were then obtained to 
study sporozoite infectivity and flotillin-l expression. 
To examine the effect of anti-flotillin-l antibody on the infectivity 
of E. tenella sporozoites, 2 groups (A and B) of 3 X 106 sporozoites 
each were suspended in PBS and treated as follows. Group A sporo-
zoites were incubated with 30 ILl of anti-flotillin-l antibody for 30 min 
at 41 C. Group B sporozoites were incubated in normal rabbit IgG, 
instead of the antibody. After incubation, samples were obtained to 
study sporozoite infectivity. 
Production of a monensin resistant E. tenella strain 
Chicken were infected by oral inoculation with sporulated E. tenella 
oocysts into the crop. Fecal oocysts were isolated and sporulated ac-
cording to the procedures described by Raether et al. (1995). Sporo-
zoites were excysted and separated from the oocysts and sporocyst de-
bris according to the procedures described by Zhu et al. (1994). To 
isolate a monensin-resistant parasite strain, purified sporozoites of the 
monensin-sensitive parent strain were suspended in PBS, treated with 
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FIGURE I. Flow cytometric quantification of sporozoite infectivity 
of the monensin-resistant E. tenella strain or the parent monensin-sen-
sitive strain after incubation in PBS or monensin. Each bar represents 
the mean ± SD of the percentage of infected cells. Note the significant 
reduction in infectivity of the parent strain challenged with monensin. 
All values with different superscripts are significantly different by Dun-
can's multiple range test (P < 0.05). 
0.01 ILg/ml monensin for 3 hr at 41 C, and washed 3 times with PBS. 
A minimum of I X 106 monensin-treated sporozoites were inoculated 
into I-wk-old chickens that were maintained on a ration containing 50 
ppm of monensin. On day 7 postinfection, oocysts were collected from 
the ceca and sporulated. The entire procedure was repeated 3 times with 
0.02, 0.04, 0.08, 0.10, 0.20, 0.40, 0.60, and 0.80 ILglml monesin in 
separate assays. 
Determination of sporozoite infectivity 
Chicken primary kidney cells (CPKC) were cultured on 12-mm round 
cover slips in 24-well cell culture plates with RPMI 1640 medium (Sig-
ma, St. Louis, Missouri) containing 5% fetal bovine serum at 41 C in 
5% CO2, Sporozoites were labeled with carboxyfluorescein diacetate 
succinimidyl ester (CFSE, Invitrogen, Carlsbad, California); the fluo-
rescent sporozoites were added to CPKC cultures at I X 105 sporozo-
ites/well and incubated for 5 hr at 41 C. The cells were trypsinized, 
washed with PBS, fixed with 2% paraformaldehyde in PBS for 10 min, 
washed, filtered through a 250-lLm mesh screen, and analyzed by fluo-
rescence-activated cell sorting using a FACScan instrument (BD Bio-
sciences, San Jose, California) at 488 nm. Each assay was performed 
in triplicate. 
Immunofluorescence analysis 
Sporozoites were fixed in ethanol and incubated with normal serum-
blocking reagent (Vector Laboratories, Burlingame, California) for 10 
min at room temperature followed by anti-flotillin-I antibody at a 
1:100 dilution for 90 min. Sporozoites were washed 3 times in PBS, 
recovered by centrifugation, and incubated with fluorescein-conjugated 
goat anti-mouse IgG antibody (Dako Laboratories, Glostrup, Denmark) 
for 30 min. Fluorescent sporozoites were visualized with a BH-2 fluo-
rescence microscope (Olympus, Hamburg, Germany). As a negative 
control, sporozoites were incubated with normal IgG instead of the pri-
mary antibody. 
Immunoblot analysis 
Extraction of proteins was performed following the procedure de-
scribed in Nagao et al. (2002). Sporozoites (2 X 106) were suspended 
in 200 ILl of 0.01 M Tris-HCI, pH 7.4, containing 0.15 M NaCI (TBS) 
and lysed with 800 ILl of 1% Triton X-100 in TBS for 20 min on ice; 
the lysate was mixed with an equal volume of 80% sucrose in 0.2 M 
Na2C03' The lysate was overlayed with 4 ml of 30% sucrose and 2 ml 
of 10% sucrose in TBS, and centrifuged for 17 hr at 230,000 g at 4 C. 
Thirty fractions (approximately 300 ILl each) were collected from the 
top of the centrifuge tube and stored in liquid nitrogen until use. Equal 
protein aliquots of lysates were subjected to SDS-PAGE at 40 rnA in a 
discontinuous gel system under reducing conditions (Laemmli, 1970). 
Resolved proteins were transferred electrophoretically to a nitrocellu-
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FIGURE 2. Effect of anti-flotillin-I antibody on sporozoite infectiv-
ity. Each bar represents the mean ± SD of the percentage of infected 
cells after incubation of sporozoites with PBS or anti-flotillin-I anti-
body. The different superscripts demonstrate significantly different in-
fectivity (P < 0.05). 
lose membrane in a Trans-Blot cell (BioRad, Richmond, California) for 
18 hr at 40 m V. Excess binding sites were blocked in PBS containing 
4% blocking reagent, and the membranes were reacted with anti-flotil-
lin-I antibody for I hr at room temperature. The blots were washed 3 
times in PBS, incubated with peroxidase-conjugated goat anti-mouse 
IgG antibody, and washed; immunoreactive bands were visualized with 
diaminobenzidine substrate (Sigma). 
Statistical analysis 
Differences between means for multiple comparison purposes were 
assessed by Duncans new multiple range test, with statistical signifi-
cance inferred at P < 0.05. 
RESULTS 
Infectivity of monensin-sensitive and -resistant E. tenella 
sporozoites 
There was no difference in the ability of monensin-resistant 
sporozoites to infect CPKCs following preincubation with PBS, 
compared with the drug-sensitive parent strain (Fig. 1). As ex-
pected, however, infectivity of the monensin-sensitive sporo-
zoites was significantly reduced after monensin treatment 
(23.2% infectivity), whereas the monensin-resistant parasites 
were resistant to drug treatment (82.4% infectivity). 
Infectivity of monensin-resistant and -sensitive sporozoites 
was significantly decreased after treatment with the anti-fiotil-
lin-l antibody as compared with that of the sporozoites that 
were treated with normal IgG (Fig. 2). 
Immunofluorescence and immunoblot analysis of 
flotillin-1 in E. tenella sporozoites 
Monesin-resistant sporozoites treated with the drug displayed 
fiotillin-l staining in discrete patches with prominent staining 
in the apex of the microorganisms (Fig. 3A). The same staining 
pattern was seen when the monensin-resistant sporozoites were 
treated with PBS, or the drug-sensitive sporozoites were treated 
with PBS (Fig. 3B). By contrast, in monensin-sensitive sporo-
zoites treated with the drug, fiotillin-l was more uniformly and 
diffusely distributed on the parasite surface (Fig. 3C). 
Flotillin-l was present only in the light-density fractions of 
monensin-resistant sporozoites treated with PBS or monensin 
(Fig. 4). The same pattern was evident from the monensin-
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FIGURE 3. Effect of monensin on flotillin- I expression by E. tenella sporozoites. (A) Sporozoites of the monensin-re i tant strain incubated 
with monensin, stained with anti- flotillin- I antibody, and examined by immunofluorescence microscopy. (B) Sporozoite of the monen in-sen itive 
parent train incubated in PBS. (C) Sporozoites of the parent train incubated with monensin. (D ) Sporozoites of the parent strain incubated with 
monensin and stained with normal IgG (negative control). Bar = 101-'-m. 
sensitive parent strain treated with PBS. However, treatment of 
the parent strain with monensin re ulted in mobilization of flo-
tillin- I to the nonraft higher-den ity fraction. Collectively, the 
results hown in Figure 3 and 4 strongly suggested that mo-
nensin di rupt lipid rafts on E. tenella sporozoites. 
DISCUSSION 
The data pre ented in this report demon trate that the anti-
coccidial drug monen in blocks E. tenella infectivity of chicken 
cell s in vitro through a mechani sm involving, at least in part, 
the drug's ability to di srupt sporozoite lipid rafts. Monen in i 
a monovalent ion-selective ionophore that faci litate the trans-
membrane exchange of, principally, odium ions for proton. 
One consequence of this exchange is the neutralization of acidic 
intracellular compartment uch as Golgi ci ternae and associ-
ated element, Iyso omes, and certain endosomes (Mollenhauer 
et aI., 1990). Monensin inhibit sphingolipids from incorporat-
ing into plasma membranes by blocking their transfer to the 
acid-neutralized Golgi acs (Gordon and Lloyd, 1994). A a 
con equence, raft do not form and raft-a sociated proteins be-
come uniformly di tributed in the membrane. 
In the ab ence of monen in treatment of the parent E. reneLia 
Incubated in PBS 
2 3 4 5 6 7 9 10 II 12 13 14 
strain, or drug treatment of the monen in-resistant strain, floti! -
lin- I was een to be highly enriched in the apica l region of the 
para ite, a region that i known to mediate ho t cell invas ion . 
Flotillin-I , and its homologue flotillin-2 , a l 0 known as reggie-2 
and reggie- I, respectively (Volonte et aI., 1999), are encoded 
by evolutionari ly con erved genes with orthologues in mice, 
rat , humans, fi hes, and fruit flie (L6pez-Ca a and del Mazo, 
2003). Both protein show molecular imilaritie and antibodies 
again t one often are cross-reactive with the other (Kokubo et 
aI., 2000). Flotillin-I con ists of 427 amino acid residue with 
a predicted molecular weight of 48.0 kDa, whereas flotillin-2 
possesses a molecular weight of 42.0 kDa (Edgar and Polak, 
2002). Thus, although the anti-flotillin-I antibody used in this 
study may react with flotillin-2, the ize of the protein detected 
by imrnunoblotting indicates that it recognized flotillin- I. 
The abi lity of monen in to inhibit E. reneLia infection of ho t 
cell and to redi tribute ftotillin - I away from the sporozoite 
apex ugge ts that thi raft protein i somehow involved in in-
va ion. Upon contact of the porozoite with the ho t cell ur-
face, a signal i tran duced from the surface to the apex that 
induces parasite reorientation, microneme exocyto i , apical 
binding to the host cell, and formation of the parasitophorous 
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Challenged with monensin 
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FIGURE 4. Effect of monensin on distribution of flotillin-I in lipid rafts. Sporozoite membrane Iy ates from monensin-resistant and -sensitive 
parent trains were fractionated by sucro e density-gradient centrifugation and individual fractions analyzed by immunoblotting with anti- flotillin-I 
antibody. Fraction numbers from the light density (upper, no. I) to the high density (lower, no. 30) are given at the top of each blot. 
vacuole (Dubremetz et al., 1998). Thus, it is apparent that mul-
tiple events are involved in the invasion process, including sig-
nal transduction, cell migration, organization of the cytoskele-
ton, protein sorting, and membrane trafficking. It has been pro-
posed that flotillin-l plays a role in all of those processes (Ed-
idin, 2003). In addition, our observation that anti-flotillin-l 
antibody significantly inhibited sporozoite infectivity provides 
additional evidence that flotillin-l is involved in E. tenella in-
vasion. It is tempting to speculate that the interaction of flotil-
lin-l with the host cell surface triggers parasite intracellular 
signaling events leading to activation of the conoid apparatus 
and the subsequent invasion of sporozoites into host cells. 
Although flotillin-l is known to be a key structural compo-
nent and marker of lipid rafts, visualization of rafts is hindered 
by the facts that they contain few resident proteins and are 
relatively small in size (estimated to be 70 nm or less in di-
mension) (Schlegel and Lisanti, 2001). Using flotillin-l as a 
visualization marker, rafts have been shown to exhibit a patchy, 
heterogeneous pattern on cells of higher metazoans (Kokubo et 
aI., 2003). In the current study, we observed a similar patchy 
pattern of flotillin-l expression on the protozoan sporozoite sur-
face that was disrupted by monensin in the parent parasite 
strain, but not in the monensin-resistant variant. Combined with 
the immunoblot data of sucrose density-gradient fractionated 
sporozoite membranes, these results suggest that the drug is 
able to destroy the structure of the rafts in parasite membranes. 
Because of monensin's ability to integrate into plasma mem-
branes and disrupt its lipid composition, it has been proposed 
that ionophore resistance is mediated by the ability of the cell 
to exclude the drug from the membrane. In the case of bacteria, 
development of monensin resistance was correlated with the 
ability to produce extracellular polysaccharides that was con-
trolled by proteins encoded by a large number of inducible 
genes (Roberts, 1996; Russell and Houlihan, 2003). In contrast, 
the genetic differences between ionophore-sensitive and -resis-
tant strains of E. tenella are relatively small and little is known 
about the genetics of extracellular polysaccharide production by 
E. tenella (Shirley and Bumstead, 1994). Current studies in our 
laboratory are directed at elucidating the molecular mechanisms 
by which coccidian parasites develop monensin resistance vis-
a-vis the roles of flotillin-l and lipid rafts in host invasion. 
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SERINE PROTEASE ACTIVITY IN DEVELOPMENTAL STAGES OF EIMERIA TENELLA 
R. H. Fetterer, K. B. Miska, H. Lillehoj, and R. C. Barfield 
Animal Parasitic Diseases Laboratory, Animal and Natural Resources Institute, United States Department of Agriculture, Henry A. Wallace 
Beltsville Agricultural Research Center, Beltsville, Maryland 20705. e-mail: rfettere@anri.barc.usda.gov 
ABSTRACT: A number of complex processes are involved in Eimeria spp. survival, including control of sporulation, intracellular 
invasion, evasion of host immune responses, successful reproduction, and nutrition. Proteases have been implicated in many of 
these processes, but the occurrence and functions of serine proteases have not been characterized. Bioinformatic analysis suggests 
that the Eimeria tenella genome contains several serine proteases that lack homology to trypsin. Using RT-PCR, a gene encoding 
a subtilisin-like and a rhomboid protease-like serine protease was shown to be developmentally regulated, both being poorly 
expressed in sporozoites (SZ) and merozoites (MZ). Casein substrate gel electrophoresis of oocyst extracts during sporulation 
demonstrated bands of proteolytic activity with relative molecular weights (Mr) of 18, 25, and 45 kDa that were eliminated by 
coincubation with serine protease inhibitors. A protease with Mr of 25 kDa was purified from extracts of unsporulated oocysts 
by a combination of affinity and anion exchange chromatography. Extracts of SZ contained only a single band of inhibitor-
sensitive proteolytic activity at 25 kDa, while the pattern of proteases from extracts of MZ was similar to that of oocysts except 
for the occurrence of a 90 kDa protease, resistant to protease inhibitors. Excretory-secretory products (ESP) from MZ contained 
AEBSF (4-[2-AminoethyIJ benzenesulphonyl fluoride)-sensitive protease activity with a specific activity about 10 times greater 
than that observed in MZ extracts. No protease activity was observed in the ESP from SZ. Pretreatment of SZ with AEBSF 
significantly reduced SZ invasion and the release of the microneme protein, MIC2. The current results suggest that serine proteases 
are present in all the developmental stages examined. 
Infection of chickens by several species of Eimeria causes 
malabsorption, reduced weight gain, and decreased efficiency 
of feed conversion, resulting in significant economic losses to 
the poultry industry, which are estimated to be over 800 million 
dollars annually (Williams, 1998; Allen and Fetterer, 2002). Be-
cause they are intracellular parasites, poultry coccidians, like 
other apicomplexans, must have highly developed mechanisms 
to invade and survive in host cells (Kim, 2004; Caruthers and 
Blackman, 2005). Along with intracellular invasion, other com-
plex mechanisms are involved in Eimeria spp. survival, includ-
ing control of sporulation in the environment, evasion of host 
immune responses, successful reproduction, and nutrition (Al-
len and Fetterer, 2002; Klemba and Goldberg, 2002). 
Recent research on the role of serine proteases in apicom-
plexans has centered primarily on protein processing and other 
functions related to intracellular survival. These have been rel-
atively well investigated in Toxoplasma gondii and Plasmodium 
species (Shaw et aI., 2002; Kim, 2004; Withers-Martinez et aI., 
2004; Dowse and Soldati, 2005; O'Donnell and Blackman, 
2005). Recent studies have shown that serine protease inhibitors 
can prevent invasion of T. gondii tachyzoites (TZ) into host 
cells both in vitro and in vivo and that serine proteases related 
to rhomboid proteases or subtilisins are involved in protein pro-
cessing of micronemes and other proteins that are essential for 
invasion (Miller et aI., 2001, 2003; Kim, 2004; Dowse and Sol-
dati, 2005). 
Presumably the invasion events in Eimeria spp. intracellular 
stages are similar to those observed in other apicomplexans, 
but the details of protease involvement in molecular events con-
trolling sporulation and other developmental processes are lack-
ing. A study by Fuller and McDougald (1990) showed that ser-
ine proteases related to trypsin may play a role in sporozoite 
invasion of host cells since classical serine protease inhibitors 
reduced invasion of E. tenella sporozoites into cells in vitro. In 
addition, a 20 kDa trypsin-like protease was partially purified 
from E. tenella sporulated oocysts (Michalski et al., 1994), fur-
ther suggesting that a serine protease may be present in spo-
Received 28 December 2005; revised 3 August 2006; revised 21 Sep-
tember 2006; accepted 21 September 2006. 
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rozoites and involved in cellular invasion. Results of a recent 
characterization of genes differentially expressed during spor-
ulation of E. tenella indicated transcripts of several proteases 
present in E. tenella (Miska et al., 2004). These include the 
serine proteases subtilisin, rhomboid protease, prolyl endopep-
tidase and a metallo-protease, aminopeptidase N. Recently, a 
rhomboid protease from E. tenella was cloned, expressed, and 
localized to sporozoites (Li et aI., 2006). In addition, an ami-
nopeptidase related to aminopeptidase N was purified and char-
acterized during sporulation of E. tenella, confirming a role for 
this protease in parasite development (Fetterer and Barfield, 
2003). Proteases are, therefore, potentially critical to many fac-
ets of the parasite's survival including excystation, differentia-
tion, immune invasion, and nutrition (Klemba and Goldberg, 
2002). However, occurrence and function of proteases during 
sporulation and in the sporozoite and merozoite stages are 
largely unknown. The current study presents an initial charac-
terization of serine protease activity in E. tenella developmental 
stages. 
MATERIALS AND METHODS 
Bioinformatic analysis 
Sequence homologies to known serine proteases in the E. tenella 
genome were investigated by performing a BLAST (Altschul et aI., 
1997) search using protein sequences representative of the serine 
protease families from the MEROPS database (Rawlings et aI., 2004) 
as a query against the sequence of the partial E. tenella genome 
located at the SANGER Institute (http://www.sanger.ac.uk/cgi-bin/ 
blastlsubmitblastle-tenellalomni). 
Host and parasites 
Chickens (80-100 sex-sals, Moyers Hatcheries, Quakertown, Penn-
sylvania), 4-5 wk of age, were infected with 1.0-1.25 X 105 E. tenella 
(Wampler strain) oocysts per bird, mixed in the feed. On day 7 post-
inoculation (PI), birds were killed by cervical dislocation, and the cecae 
were removed. Oocysts were recovered from infected cecae and spor-
ulated as previously described (Fetterer and Barfield, 2003). 
To obtain oocysts in various stages of sporulation, unsporulated 00-
cysts were suspended in PBS containing an antibiotic/antimycotic mix-
ture (GIBCO, Gaithersburg, Maryland) and incubated under aeration at 
41 C. At the desired time interval (ranging from 0 to 72 hr), an aliquot 
containing about 1 X 108 oocysts was removed from the incubation 
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flask and centrifuged. The oocyst pellet was resuspended in 1.0 ml 40 
mM Tris, pH 8.0, and stored at -70 C. 
Sporozoites (SZ) were prepared from fully sporulated oocysts (less 
than 30 days postharvest) as previously described (Fetterer et aI., 2004). 
Merozoites (MZ) were collected from cecae at 110 hr PI from birds 
inoculated with 3 X lOS sporulated oocysts per bird. MZ were isolated 
and purified as described for SZ. Isolated SZ and MZ were resuspended 
in 40 mM Tris and frozen at -70 C. 
Reverse transcription polymerase chain reaction (RT-peR) 
All parasite material used in RNA isolation was snap frozen follow-
ing purification and stored at -70 C until use. Total RNA was isolated 
from MZ, SZ, unsporulated oocysts (0 hr), and sporulating oocysts (12-
48 hr), as well as fully sporulated oocysts (72 hr) using TRlzol (Invi-
trogen, Carlsbad, California). Each sample of oocysts or SZ was com-
bined with approximately 3 g of diethylpyrocarbonate (DEPC) treated 
Pyrex beads (3 mm diameter) (Coming, New York, New York) and 10 
ml of TRIzoI. The samples were vortexed for 1 min, then incubated on 
ice for 1 min (4X). MZ samples were treated directly with TRlzol 
without employing beads. The remainder of the total RNA isolation 
protocol was carried out using the manufacturer's recommended instruc-
tions. The resulting pellets containing total RNA were resuspended in 
DNaselRNase free water (Invitrogen) and stored until cDNA synthesis 
at -70 C. Prior to cDNA synthesis, the total RNA was treated with 
DNase I (Invitrogen) using the manufacturer's instructions. cDNA was 
synthesized from 0.8 ILg of total RNA following the recommended in-
structions provided with the Advantage RT for PCR kit (BD Biosci-
ences Clontech, Palo Alto, California) using oligo dT or random hex-
amer primers. Primer sequences for each of the genes were as follows: 
rhomboid protease forward primer 5' CCTCCAAGCATGGAGGCTT 
ATC 3' and reverse primer 5' CTTGTTGAATTCACACGTTACTG 3', 
subtilisin forward primer 5' GCAATCATCCACGAATCCAT 3' and re-
verse primer 5' GAACGCATGGGAAGTCTGGA 3'. As a positive con-
trol, primers designed to amplify a portion of the 18s rRNA were used 
(forward primer 5' CGGTGAAACTGCGAATGGCTCA 3' and reverse 
primer 5' GCCTTCCTTAGATGTGGTAGCC 3'). Thermocycling con-
ditions were as follows: initial heat activation of polymerase, 95 C for 
2 min, denaturation, 94 C for 30 sec, annealing, 60 C for 30 sec, ex-
tension, 72 C for 1 min, and a final extension of 5 min at 72 C. Cycles 
2-4 were repeated 34 times. TAP polymerase (CLP, San Diego, Cali-
fornia) in the presence of 400 nM primer was used, and 2.5 ILl of cDNA 
was used as target in each reaction. As a negative control, DNase I 
treated RNA was used as target in RT-PCR to determine whether con-
taminating genomic DNA could be contributing to the presence of prod-
ucts. 
Protein extracts 
Oocysts (1 X 108) suspended in 1 ml of 40 mM Tris or PBS were 
placed in a 1.5-ml capped microfuge tube containing 0.5 g of 0.5 mm 
glass beads and homogenized with a mini-bead-beater (BioSpec Prod-
ucts, Bartlesville, Oklahoma). Soluble extracts were prepared as previ-
ously described (Fetterer and Barfield, 2003). 
SZ collected as described above were incubated in 2 ml sterile Hank's 
balanced salt solution (2 X 108/ml) for 2 hr under an atmosphere of 
95% air, 5% CO2 at 41 C. MZ collected as described above were in-
cubated in 3 ml of sterile Hank's balanced salt solution (HBSS) (3 X 
108/ml) for 2 hr at 41 C under an atmosphere of 95% air, 5% CO2, or 
at 4 C under atmosphere of air. Following incubation, parasites were 
centrifuged, and the supernatant referred to as excretory-secretory prod-
uct (ESP) was removed, concentrated, and frozen at -70 C. The pellets 
containing intact MZ or SZ were washed 2X with PBS and frozen at 
-70 C. Concentrations of soluble proteins were measured by BCA as-
say (Pierce, Rockford, Illinois) with bovine serum albumin as the stan-
dard. 
Protease assay 
The proteolytic activity of extracts was determined by measuring the 
liberation of fluorescein from fluorescein isothiocyanate conjugated to 
casein (FITC-casein). The assay consisted of 30 ILl of assay buffer (AB, 
0.05 M Tris, 150 mM NaCI, 5 mM CaCI2, pH 8.2), 10 ILl FITC-casein 
(Sigma, St. Louis, Missouri), in 0.1 M Tris, pH 8.0, and a 10 ILl extract 
sample. In some cases, only 20 ILl of AB was used, along with 10 ILl 
of the protease inhibitor 4-(2-Aminoethyl) benzenesulphonyl fluoride 
(AEBSF, Sigma) dissolved in AB. The assay was incubated from 2 to 
14 hr at 37 C. After incubation, 100 ILl of cold 4.5% trichloroacetic 
acid with 0.5 M NaCI was added to each reaction and the sample kept 
at 4 C for 30 min. The sample was centrifuged at 10,000 g for 5 min 
at 4 C. The supernatant was diluted with 180 ILl of 0.5 M Tris, pH 8.0. 
The fluorescence was read in a microtiter plate fluorometer at an exci-
tation wavelength of 485 nm and emission wavelength of 538 nm. The 
amount of fluorescein released was estimated from a standard curve, 
and results expressed as nmol released per mg protein. 
Electrophoresis 
Protein samples were analyzed by polyacrylamide gel electrophoresis 
using 1-mm-thick gradient gels (8 X 9 cm, 4-12% Bis-Tris, Invitrogen) 
as described (Fetterer and Barfield, 2003). Western blot analysis was 
performed using the basic method previously described (Fetterer and 
Barfield, 2003), except that the primary antibody consisted of a 1:500 
dilution of mouse monoclonal antibody against a recombinant E. tenella 
microneme protein, MIC2 (Tomley et al., 1996; Lillehoj et aI., 2005). 
Substrate gels consisted of casein imbedded 12% Tris-glycine gels 
(Zymogram gels, Invitrogen). Samples were prepared by dilution in 2X 
Tris-glycine sample buffer, allowed to stand at room temperature for 15 
min, and applied to lanes of gel. Gels were run at 100 V for about 2 
hr in a standard Tris-glycine running buffer. After electrophoresis, gels 
were incubated in 100 ml renaturing buffer (2.5% [w/v] TritonX-100 in 
water) for 30 min followed by incubation in 100 ml developing buffer 
for 30 min at room temperature and then overnight in 100 ml of de-
veloping buffer at 37 C. In most experiments, the developing buffer 
consisted of 50 mM Tris, 200 mM NaCI, 5 mM CaCI2, 0.02% (w/v) 
Brij 35. In some experiments, an acidic developing buffer (50 mM 
sodium acetate, 100 mM NaCI, 5 mM CaCI2, 5 mM dithiothreitol, pH 
5.0) was used. In other cases, protease inhibitors AEBSF, phenylmeth-
ylsulfonyl fluoride (PMSF), or alpha-tosyl-L-Iysine chloromethyl ketone 
(TLCK) (all from Sigma) were added to developing buffer. After de-
velopment, gels were stained with Coomassie Blue (Simply Blue, In-
vitrogen), and the presence of clear bands against a dark background 
indicated protease activity. 
Protease purification 
Soluble protein from unsporulated oocysts was diluted into loading 
buffer (LB, 150 mM Tris, 150 mM KCI, pH 7.5) in a volume of about 
7 ml (3 mg/ml). The sample was applied to an affinity column (about 
4 ml column volume) consisting of the serine protease inhibitor ben-
zamidine bound to Sepharose-4 (Amersham Bioscience, Uppsala, Swe-
den). The sample was applied with a flow rate of about 0.8 ml per min, 
and flow-through was reapplied for 4 cycles. The column was washed 
with LB, and absorbance (280 nm) was monitored from 2 ml aliquots 
(about 25 ml total) until the absorbance was less than 0.002 AUFS. The 
column was then eluted with 0.05 M glycine, pH 3.0, and 2 ml fractions 
collected into tubes containing 0.1 ml of 1.0 M Tris, pH 9.0. The frac-
tions were assayed for protease activity by monitoring the hydrolysis 
of FITC-casein as described above; fractions containing protease activ-
ity were pooled and dialyzed against 40 mM Tris, pH 8.0. The sample 
from the affinity column was injected onto an HPLC anion exchange 
column (DEAE 5PW, Protein-Pak, 7.5 X 75 mm steel, Waters, Milford, 
Massachusetts). The mobile phase consisted of 0.05 M Tris, pH 8.0 (A) 
and 0.05 M Tris, 1.0 M NaC!, pH 8.0 (B). The flow rate was 1.0 ml 
per min at 22 C. The column was eluted with solvent A for 10 min 
followed by a linear gradient from 100% A, 0% B to 50% A, 50% B 
in 35 min. Aliquots were collected at 0.5 min intervals (0.5 ml) and 
absorbance monitored with a photo-diode array detector (Waters Model 
996). The fractions were assayed for protease. activity and fractions 
containing protease activity were pooled, concentrated, and dialyzed 
against 40 mM Tris, pH 8.0. 
In vitro cell invasion assays 
Madin-Darby bovine kidney (MDBK) cells, American Type Culture 
Collection (ATCC, Fairfax, Virginia) were propagated in 75-cm2 flasks 
in culture media (CM) consisting of Earle's modified Eagles media 
(EMEM, ATCC) containing 5% fetal bovine serum (PBS, ATCC); cells 
were then trypsinized, counted, diluted, and added at a concentration 
of 3 X lOS/well to 24-well plates containing sterile 8 mm round glass 
FETTERER ET Al.-SERINE PROTEASES IN E. TENELLA DEVELOPMENTAL STAGES 335 
cover slips in I ml CM. Plates with cells were incubated at 37 C under 
an atmosphere of 95% air, 5% CO2 for 48 hr to achieve an 80% con-
fluent monolayer. To quantify inva ion, freshly excysted SZ (4 x lOS) 
were incubated in I ml of EMEM (control) or EMEM containing 
AEBSF or monensin (Sigma) fo r I hr at 4 1 C. SZ were removed from 
treatment by centrifugation and washed in EMEM for 15 min at 22 C, 
then centrifuged and re uspended in CM. Prior to application of SZ, 
CM was removed from cell layers , and cell urfaces were washed twice 
with sterile PBS. SZ in CM were applied to cells on cover lips (trip-
licate treatment) and incubated at 41 C for 2 hr. Following incubation, 
CM with SZ was removed and cover slips and cell surface were gently 
washed twice with I X PBS at 41 C, and cells were fixed with I ml of 
ice-cold methanoUwell for 15 min at 4 C. To enumerate intracellular 
SZ, cover lips were subjected to immunofluorescent staining using a 
rabbit antibody to the parasite antigen SZ I , a previously de cribed 
(Fetterer et at, 2004). Cell invasion wa determined by counting intra-
cellular SZ in 50 fields per cover slip at x 1,000 magnification. 
In experiments to detect release of microneme proteins during inva-
sion, ce ll sheets in wells without cover slips were prepared as de cribed 
above, washed with sterile I x PBS. SZ pretreated with AEBSF or mo-
nensin were added to well (I x 107/mUwell ). After incubation for 2 
hr at 41 C, media with SZ was removed from cell wells, centrifuged at 
3,080 g for 15 min at 22 C to remove any SZ, and the media frozen at 
-80 C. 
RESULTS 
BLAST P analysis 
BLAST P analysi of example from erine protease families 
in the MEROPS database again t the E. tenelLa genome indi-
cates a relatively small number of serine protease families pres-
ent in the E. tenella genome. There were strong homologies to 
members of other serine protease families, including subtilisin 
(S8A, 1.5 e-19), proly-endopeptidase (S9A, 3.6 e-68), and 
rhomboid protease (S54; 9.1 e-5 for DrosophiLa p. and 4 .4 
e-12 for T. gondii). 
RT-PCR analysis 
Subtilisin tran cripts were observed at 0, 12, 24, and 72 hr 
following the initiation of sporu lation ; however, no tran c ripts 
were detected at 48 hr of porulation, or in SZ and MZ (Fig. 
lA). The pattern of expres ion of the rhomboid gene differed 
from that of subtili sin in that rhomboid transcripts were present 
in a ll stages of sporulation (Fig. I B). As a positive confrol, 
expression of the 18S rRNA was u ed (Fig. I C), while a lack 
of amplification when RNA treated with DNase wa u ed a 
target with all 4 primer pairs serving a a negative control (data 
not shown). 
Proteolytic activity during sporulati~.n 
Analysi of soluble extracts of E. tenelia oocyst during por-
ulation by substrate gel-electrophoresi using casein-impreg-
nated gel indicated several band of proteolytic activity present 
during poru lation (Fig. 2). Band with relative molecular 
weights (Mr) of about 18, 23-25, and 45 kDa and occasionally 
bands of 90 kDa were ob erved (Fig. 2A). Activity wa pre ent 
from 0 hr (unsporu lated) to 72 hr (fully sporulated); however, 
activity appeared to be Ie after 72 hr of sporulation . When 
acidic buffer (pH 5.0) was used to develop activity in substrate 
gels, the intensity of bands was either eliminated or greatly 
reduced compared to pH 8.2. When AEBSF was included in 
the developing buffer, all the bands of enzyme activity observed 
on gel were greatly reduced. A simi lar inhibition of proteolytic 
A 
B 
c 
s o 12 24 48 72 SZ MZ 
FIG RE I . RT-PCR analysis of the expre sion of subtili in , rhom-
boid, and ribo omal R A (rR A) as a posi tive control during sporu-
lation from 0 to 72 hr and in sporozoites (SZ) or merozoites (MZ). S 
indicates standard in descending order from the top of 900, 700, 500, 
and 250 bp. The sizes of the transcripts were (A ) 176 bp for subtili sin , 
(8 ) 421 bp for rhomboid, and (C) 355 bp for rR A. 
act ivity was obtained when I mM PMSF or TLCK was includ-
ed in the developing buffer (data not shown). Analysis of ex-
tracts using FITC-casein assay indicates sign ificant AEBSF-
ensitive protease activity during sporu lation, with the hi ghe t 
in the unsporulated oocyst (0 hr) and the least activity ob-
erved after 72 hr of sporulation (Fig. 28). 
Serine protea e activity wa purified from E. tenella unspo-
ru lated oocysts by a combination of affi nity and ion exchange 
chromatography (Fig. 3). Initi a l purification using a benzami-
dine affin ity column yielded a peak of protease activity (Fig. 
3A). Analysis of the fractions by sub trate-gel e lectrophoresis 
indicated fraction 46-50 were enriched in act ivity similar to 
that observed in the un fractionated extract (Fig. 38). When the 
partially purified protea e was further fract ionated by HPLC-
an ion exchange chromatography, a distinct peak of proteolytic 
activ ity with a retention time of about 49 min wa ob erved, 
which did not correlate with the protein ab orbance (280 nm) 
peak (Fig . 3C). When the fraction comprising this peak were 
analyzed, only a single band of activ ity was observed on sub-
strate gel with Mr of about 25 kDa, while ana lysis on a re-
duced, denatured gel stained with Coomas ie Blue indicated 2 
band with Mr of about 23 and 25 kDa, a band of about 18 
kDa, a well a some minor band of higher Mr (Fig. 3D). 
AnaJysis of soluble extracts of SZ by subsu·ate electropho-
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dark background indica te areas of proteolytic aClivity. (8 ) Proteolytic activity of oluble extracts of E. len ella oocysts after 0 to 72 hr of sporulation 
assayed by hydrolysis of FITC-casein. Second bar for each time point represents protease acti vity determined w ith I mM AEBSF in the assay 
mixture. Value are mean from duplicate measu rements. 
re is indicates a ingle band of proteolytic activity with Mr of 
about 25 kDa whi le MZ extract had multiple bands at 23- 26 
kDa and 18 kDa as well as multiple band at 90- 1 16 kDa (Fig. 
4). Addition of I mM AEBSF to developing buffer complete ly 
aboli shed proteolytic activity observed in SZ, but the band of 
90 kDa were still apparent in MZ extract treated with AEBSF. 
Proteolytic acti vity could not be detected in ESP from sporo-
zoi te (data not shown). 
Analy i of ES P co llected from MZ incubated at 4 1 C indi-
cated prominent proteolyti c bands at 45 and 23-25 kDa. MZ 
incubated at 4 C had a imilar pattern of proteolyti c ac ti vity, 
but the intensity wa much Ie . than that for MZ incubated at 
41 C (Fig. 5, left). lnclu ion of I mM AEBSF in the developing 
buffer greatl y reduced the intensity of bands observed. Ana lysis 
of proteolytic activity indicated that the tota l pro teo lytic acti vity 
of ES P from MZ co llected at 41 C was about 10 times that 
ob erved for the ex tract (Fig. 5, ri ght). 
In vitro cell invasion 
Treatment of £. fen.el/a SZ for I hr with AEBSF prior to 
application to MBDK cell s re ulted in a dose-re lated decrease 
in cellular invasion (Fig. 6A). A eoncentration of 300 fJ..M 
AEBSF caused about an 88% decrease in number of SZ in-
vading cell s, while at a concentrati on of I mM , a greater than 
95% decrease in cell in vasion was observed (data not shown). 
The anticoccidia l monensin , at a concentration of I fJ..g/ml , com-
pletely inhibited inva ion. 
When SZ were a llowed to invade MBDK cell s in vitro for 2 
hr, the microneme protein MIC2 wa detected in the cell culture 
upernatant by We tern blot analy is (Fig. 6B). The level of 
M I 2 relea ed was greatly reduced relative to untreated con-
trol when SZ were preincubated in AEBSF ( I mM) for I hr, 
washed free of the inhibitor, and dlen a llowed to invade cell s 
for 2 hr. A similar re ult was observed if I mM AEBSF was 
added to cell culture med ia during the 2 hr in vasion in add ition 
to the I hr pre treatment. Pretreatment of SZ with I fJ..g/ml mo-
nensin had only a minimal effect on MIC2 re lease. 
DISCUSSION 
The re ult of the current tudy demon trate that a lkaline 
proteases are pre ent in extracts of a ll developmental stages of 
E. fenella examined. Proteo lytic acti vitie in the sub trate gels 
and in a FTTC-casein assay were significantly inhibited by pe-
c ific serine protease inhibitors, indicating proteo lytic acti vity is 
likely due to one or more proteases of the serine class. In ad-
dition, acidic conditions that hould suppress activity of mo t 
serine proteases and be more conduc ive to detection of cysteine 
protease activ ity e liminated or greatly reduced proteolytic ac-
ti vity. A limited number of studies of serine proteases in E. 
fen ella have uggested that serine protease acti vi ty was due to 
a trypsin or trypsin-like prote in (Michalski et a I. , 1990; Fu lle r 
and McDougald, 1994). Since there was li ttle homology to the 
tryp in/chymotrypsi n ubfamily in the E. fenet/a genome, while 
strong homo logies were ob erved for other erine protea e fam-
ilies including ubtili sin, o ligo endopeptida e, and rhomboid 
protea e, it is unlikely that the serine protease acti vity ob e rved 
in the current study i due to a trypsin-like protein . In add ition, 
our current demon trati on of developmental expression of a 
subtili sin and a rhomboid protea e, as well as the report of the 
ex pres ion of other classes of serine proteases (Mi ka et a I. , 
2004; Fetterer and Barfie ld, 2003), provides at least circum-
stanti al evidence of the presence of everal serine protease fa m-
ili es in £. fenella. Recently a gene for a 24 kDa rhomboid 
protea e fro m E. fenel/a ha been c loned and expressed (Li et 
a I. , 2006). The sequence of a gene deduced from the rhomboid 
protease transcript u ed in the pre ent tudy (K. Mi ka, unpubl. 
obs.) ha a 99% identity to the recently c loned rhomboid pro-
tease, suggesting they repre ent the same gene . Interesting ly, 
the antibody generated to the recombinant rhomboid protease 
locali zed a prote in in the SZ (Li et a I. , 2006), but the current 
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. , 
study does not indicate any transcription of the rhomboid pro-
tease in the SZ, suggesting significant developmental regul a-
tion. 
Proteo lytic activity was demonstrated and examined in oo-
cyst extract from all time points collected, and Mr of bands 
ob erved on substrate gels were simil ar. However, the amount 
of activity was reduced in fully sporul ated oocysts, sugge ting 
decrea ed activity associated with complete formation of spo-
rozoites. Alternatively, the decrea ed activity may not reflect a 
lack of protea es, but may be due to endogenous inhibitors. A 
prev ious inve tigation of serine protea e activity in porulated 
oocy t a1 0 reported difficulty in measuring activity in soluble 
extracts, suggesting the presence of endogenous inhibitors con-
founding the measurement of proteolytic activity (Michalski et 
a I. , 1990). Protease inhibitors have not been prev iously in ves-
tigated in E. tenella, but serpin s and other types of serine pro-
tease inhibitors have been characteri zed in o ther apicomplexan 
(Li ndh et aI. , 200 I; Morri et a I. , 2002; Bruno et a I. , 2004) and 
a gene for a serpin has been identified in E. teneLla oocysts 
(Miska et a1., 2004). 
At least 3 bands of proteolyt ic activitie were ob erved on 
substrate gels of extract of un porulated oocysts, and these 
bands were a1 0 enriched after affi nity purification . However, 
only I band of activity was ob erved on substrate gels after 
further purification with anion exchange. The rea on for the 
inability to purify multiple proteases is unclear, but it is poss ible 
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FIGURE 4. Casein substrate electrophoresis of soluble extracts from 
E. lenella porozoites (SZ) or MZ in the absence ( - ) or presence of I 
mM AEBSF. 
that some of the protease acti vities were not stable during .prep-
aration. Supporting thi s idea i the recent purification of a 45 
kDa protea e from unsporulated oocy t u ing a diffe rent pu-
rification cherne (R. Fetterer, unpubl. obs.). The re lationship 
be tween the 25 kDa protease purified from unsporul ated 00-
cysts and a 20 kDa protease that was previously purified from 
sporulated oocy ts (Michalski et a I. , 1990) is unclear. It is pos-
sible that the 20 kDa prote in i re lated to a band of about 18 
kDa observed on many of the ubstrate gel . 
Both extracts and ESP from E. tenella MZ had AEBSF-sen-
sitive bands of proteo lytic ac ti vity o f a pattern similar to that 
observed in oocyst extracts. This di ffer from ob e rvati ons 
made in S. neurona, which had serine protea es with Mr be-
tween 65 and 75 kDa in MZ ex tracts (Barr and Warner, 2003). 
However, in MZ extracts, an AEBSF-insensiti ve band with Mr 
of about 90 kDa was often observed, suggesting some proteo-
lytic acti vity unrelated to serine protea e i pre ent in E. teneLlCI 
MZ extract . The function o f protea e in MZ ESP i unknown, 
but it i possible that it inte ract with the host ti ssue to playa 
role in immune invasion or some other host-parasite inte raction, 
as has been suggested for other parasite proteases (Klema and 
Goldberg, 2002). The re lease of proteases could be due to ac-
ti ve ecretion or just the result of re lease from tructura ll y com-
promised para ites. The amount of ESP re leased is a tempera-
ture-sensiti ve process, suggesting that the protease secretion is 
a metabolicall y dependent process. The specific acti vity of pro-
tease is about 10 times greate r in ESP compared to the MZ 
extract, as may be ex pected if the protease was being acti vely 
secreted and not just the result of prote ins being relea ed from 
degenerating paras ites . 
Diffe ring from the other developmental stages examined, SZ 
ex tract contained onl y a single band of AEBSF- ensiti ve pro-
teolytic acti vity. [n contra t to a previou report (Fulle r and 
McDougald, 1994), proteolytic acti vity was not detected in ESP 
or in culture medi a during in vitro cell invasion. Thi di tincti on 
may be due to diffe rences in a ay systems u ed in the 2 studie 
or represent degradation of SZ and the subsequent re lease of 
endogenous protease into culture media. Although it is poss i-
ble that SZ re lease proteases that function in survival within 
the host, the absence of protease acti vity in both the ESP and 
in the culture media during cell invasion suggests a func tional 
role for e rine protea e within the SZ rather than a direct effect 
on the ho t. Our observati on that the pecific water-soluble, 
nontox ic serine protease inhibitor AEBSF prevents in vasion of 
SZ into cultured cell , while reducing the re lease of the micro-
neme prote in MIC2 suggests a di stinct function for proteases 
within the parasite. This observati on i also consistent with re-
cent evidence that implicates serine protease in prote in-pro-
cessing events es enti al fo r cell inva ion by apicomplexans 
(Kim, 2004; Caruther and Blackman, 2005). The effec t o f a 
serine protea e inhibitor on in vasion is consistent with previou 
observations that e rine protease inhibitors prevent invasion of 
E. tenella SZ (Fuller and McDougaJd , 1994) and T. gondii TZ 
in vitro (Con e il et a I. , 1999; Buitrago- Rey et aI. , 2002) . How-
ever, cauti on i required when inte rpreting the results of inva-
ion tudie utiliz ing inhibitors because the inhibitor a lone may 
have detrimental effect on paras ite urvival. Even specific in-
hibitors such as AEBSF have the potenti a l to inhibit other en-
zymes such as este rases (Dentan et aI. , 1996). Tn the current 
study, AEBSF did not appear to have any great effect on SZ 
viability or motility that could be detected visually, a lthough 
the SZ appear omewhat rounder than normal after treatment 
with AEBSF. Of interest i our ob ervation that monensin, a l-
though it complete ly inhibited SZ invasion, did not affect re-
lea e of MTC2 into culture medi a. The re lea e of MIC2 con-
current with monen in treatment may be due to loss of integrity 
by parasite that were distorted and rendered immotile, sug-
gesting that MIC2 re lea e a lone is not predicti ve o f SZ's ability 
to in vade cell s. 
It is clear from dle current results that a lkaline protea e of 
the serine class are wide ly di tributed in both the free- living 
and intracellular stages of E. teneLlCI. Although the present re-
sults upport the prev ious work that indicates a role for serine 
protease in microneme proce sing and cell inva ion, the func-
tions and identities of the erine protea e in oocy t remain 
quite speculati ve. Since mechani sms of inva ion are likely to 
be conserved, serine protease may be involved in the invasion 
proce s of MZ, but the presence of protease in the ESP suggests 
a role for the e proteases in host-paras ite inte ractions. Studies 
to express and characte ri ze protea e genes during development 
and to further purify and identi fy proteases within developmen-
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tal stages are required to delineate protease function in E. te-
nella. 
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FREQUENCY AND SEVERITY OF MUSCULOSKELETAL SYMPTOMS IN HUMANS DURING 
AN OUTBREAK OF TRICHINELLOSIS CAUSED BY TRICHINELLA BRITOVI 
S. Akar, O. Gurler, E. Pozio*, F. Onen, I. Sari, E. Gercekert, A. J. Gunest, B. Akincit, M. Birlik, and N. Akkoc:j: 
Division of Rheumatology, Department of Internal Medicine, School of Medicine Dokuz Eylul University, Balcova Izmir 35340, Turkey. 
e-mail: nurullah.akkoc@deu.edu.tr 
ABSTRACT: Musculoskeletal symptoms such as myalgia are well-known features in the course of trichinellosis; however, the 
characteristics of musculoskeletal findings have been described in detail in only 1 study. The present study was aimed to determine 
the joint and muscle symptoms in subjects diagnosed with acute trichinellosis at our rheumatology unit during a Trichinella 
britovi outbreak that occurred in Izmir, Turkey, in 2004. In total, 98 patients (55 females, 43 males; mean age 32.3 ~ 10.9 yr) 
were included in the study. A detailed history and full musculoskeletal examination were obtained in each patient. A self-
administered questionnaire developed for recording the musculoskeletal symptoms was completed monthly until all the symptoms 
were resolved. Pain at the joints, restriction of movements (in shoulders, elbows, wrists, knees, ankles, and temporomandibular 
joints), myalgia, and muscle weakness (neck and shoulder girdle, muscles of the upper and forearm, back, thigh, and calf muscles) 
were assessed in every patient. Eosinophil counts, serum levels of creatine kinase, and lactate dehydrogenase also were analyzed. 
The most frequent musculoskeletal symptoms were muscle pain (86 cases [87.8%]), joint pain (83 [84.7%]), subjective muscle 
weakness (75 [76.5%]), and restriction of joint movements (63 [64.3%]). Calves, upper arm, neck and shoulder girdle, and 
forearms were the most affected muscle groups. Muscle pain was reported more frequently in the upper than in the lower 
extremities and during activity. The most frequent painful joints were shoulders, knees, wrists, and ankles. Upper extremity joints 
were affected more frequently than the lower extremity joints (77.6 vs. 70.4%). Joint pain occurred more frequently at rest. Both 
muscle weakness and restriction of joint movements were reported in and around the most frequently affected regions. No 
evidence of arthritis and objective muscle weakness was noted on physical examination in any patient. Musculoskeletal symptoms 
in the course of T. britovi infection are frequent but with an excellent prognosis. Joint pain in people suffering from acute 
trichinellosis may occur more frequently than reported previously. 
Trichinellosis is a parasitic disease induced by several species 
of Trichinella. The disease has a worldwide distribution. The 
parasite is acquired by the consumption of raw or undercooked 
meat or meat products that contain Trichinella spp. larvae. The 
acute stage of trichinellosis occurs when the newborn larvae 
migrate from the lymphatic vessels of the intestine to the mus-
cle cell (Pozio et al., 2003). The signs and symptoms of the 
acute stage consists of fever, myalgia, eyelid or facial edema, 
or both, and cutaneous rash (Kociecka, 2000; Dupouy-Camet 
et aI., 2002; Pozio et al., 2003). Myalgia affects various muscle 
groups; its intensity is usually related with the severity of the 
disease and may cause the restriction of movement. Muscles of 
the neck, trunk, and upper and lower extremities are affected 
most, but the infection also can involve the masseters (Dupouy-
Camet et al., 2002). Because of widespread joint and muscle 
pain, people with acute trichinellosis are sometimes admitted to 
rheumatology clinics (Ferraccioli et aI., 1988). Although mus-
culoskeletal complaints frequently occur in the acute stage of 
the disease, they have not been studied extensively. To date, 
only 1 prospective study (Ferraccioli et al., 1988) has been pub-
lished that evaluated the characteristics of trichinellosis-related 
myalgia and arthralgia. Between January and March 2004, a 
large outbreak of trichinellosis, invol,£ipg -450 persons, oc-
curred in Izmir, Turkey. The outbreak was due to consumption 
of raw meatballs made with beef and pork that was shown to 
be infected with Trichinella britovi. After the admission of the 
index patient to the hospital, 107 people in total were diagnosed 
as acute trichinellosis at our rheumatology clinic. The aim of 
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the present study was to evaluate the characteristics and the 
clinical course of muscle and joint symptoms during T. britovi 
infection. 
MATERIALS AND METHODS 
Patients 
During an outbreak of trichinellosis that occurred in Izmir at the 
beginning of 2004, 194 people were admitted to our rheumatology out-
patient clinic with the history of consumption of raw meatballs. A de-
tailed history and a full musculoskeletal examination were evaluated in 
every patient by a rheumatologist. A self-administered questionnaire 
was developed to assess joint pain, restriction of joint movements, and 
muscle pain and weakness. Patients reported to have joint or muscle 
pains were interviewed monthly until all the symptoms resolved. 
Questionnaire data 
Topics covered in the questionnaire included joint pain and restriction 
of movement in any of 6 regions, i.e., shoulders, elbows, wrists, knees, 
ankles, and temporomandibular joints; and muscle pain and weakness 
in any of 7 defined anatomic regions, i.e., neck and shoulder girdle, 
upper arm, forearm, upper and lower back, thigh, calves, and jaws. If 
a positive response was given to joint or muscle pain in any region, the 
patient was asked to score pain (1, mild; 2, moderate; and 3, severe) 
and to state the relation of the pain with the activity or the rest. The 
highest pain score in any of the joint or muscle region was included in 
the analysis. 
Upper and lower extremity cases were defined as all those people 
with joint symptoms in the shoulders, elbows, or wrists and in the knees 
or ankles, respectively. The corresponding upper and lower extremity 
cases for muscle pain were defined as all those people with symptoms 
in upper arm or forearm and thigh or calves, respectively. 
Laboratory features 
Blood samples were collected to determine the white blood cell and 
eosinophil counts, levels of creatine kinase (CK), and lactate dehydro-
genase (LDH), and serology. The serological tests to detect anti-Trichin-
ella sp. immunoglobulin G (IgG) were performed at the International 
Trichinella Reference Center (Rome, Italy) by an in-house enzyme-
linked immunosorbent assay (ELISA) by using an excretory/secretory 
antigen obtained from muscle larvae according to a previously pub-
lished protocol (Pozio et aI., 1993). Positive cases were confirmed by 
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TABLE I. Clinical and laboratory features of the study population in the 
course of acute trichinellosis. 
Clinical and laboratory features 
Mean age (yr) 
Females/males 
Fever 
Malaise 
Headache 
Diarrhea 
Eyelid edema 
Facial edema 
Skin rash 
Conjunctival hemorrhage 
Leukocytosis (> l5,000/mm3) 
Eosinophilia (> I ,000/mm3) 
Increased level of CK (>200 U/L) 
Increased levels of LDH (>480 U/L) 
Study population 
(n = 98) 
32.3 ± 10.9 
55/43 
77.3% 
94.9% 
64.9% 
37.8% 
63.9% 
78.6% 
43.9% 
20.4% 
62.9% 
78.6% 
76.3% 
75.0% 
Western blot (Pozio et aI., 1993). The algorithm proposed by Dupouy-
Camet et al. (2002) was used for the diagnosis of acute trichinellosis 
and for defining suspected, probable, highly probable, and confirmed 
cases (Dupouy-Camet et aI., 2002). 
Trichinella sp. larvae were isolated from a meatball and from a mus-
cle biopsy of the index case by artificial digestion (Gamble et aI., 2000). 
After digestion, larvae were washed several times in H 20 and stored in 
absolute ethyl alcohol for identification. Single larvae were identified 
by multiplex polymerase chain reaction (PCR) analysis according to a 
previously published protocol (Pozio and La Rosa, 2003). An ELISA 
test was used to identify the source of the meat by the screening of the 
following animals: pigs, cattle, chickens, sheep, and horses. 
Statistical analysis 
Data from the questionnaires were analyzed to estimate the preva-
lence of self-reported musculoskeletal symptoms of acute trichinellosis. 
The relationships between the different variables were analyzed by 
Pearson's correlation test. The statistical analysis was carried out by 
using Statistical Package of Social Science, version 11.0 (SPSS Inc., 
Chicago, Illinois). A P value of <0.05 was considered as statistically 
significant. 
RESULTS 
The source of Trichinella sp.-infected meatballs was identi-
fied as beef and pork. Nematode larvae from a meatball and 
the human muscle biopsy were identified as T. britovi. Acute 
trichinellosis was diagnosed in 107 (59 females, 48 males; 
mean age 31.6 ± 11.0 yr) of 194 subjects admitted to rheu-
matology outpatient clinic at Dokuz Eylul University. Ninety-
eight of these patients (55 females, 4S males; mean age 32.3 ± 
10.9 yr), who agreed to participate, were enrolled in the present 
study. Clinical and laboratory features are shown in Table I. All 
patients showed the typical clinical syndrome of trichinellosis, 
and all patients had a seroconversion within 60 days postinfec-
tion. At physical examination, no patient had evidence of ar-
thritis and objective muscle weakness (measurable loss of 
strength). All patients were started on mebendazole in a daily 
dose of 25 mg/kg body weight for 14 days; 66 patients (62%) 
with a severe clinical syndrome also were treated with 20 mg/ 
day prednisolone for 2 wk. 
Overall, the most frequent musculoskeletal symptom was 
muscle pain (86 cases [87.8%]), followed by joint pain (83 
[84.7%]), muscle weakness (75 [76.5%]), and restriction of 
joint movement (63 [64.3%]). The most affected muscle groups 
were calves, upper arm, neck and shoulder girdle, and forearms 
(Table II). Muscle pain was reported more frequently in the 
upper than in the lower extremities (85.3 vs. 78.1 %) and during 
activity (Table II). The severity of muscle pain was rated on a 
3-grade scale (mild-to-severe pain), and 16.2% of the patients 
had mild, 36% had moderate, and 47.6% had severe pain. The 
most frequently reported painful joints were shoulders, knees, 
wrists, and ankles (Table III); the upper extremity joints were 
more frequently affected (77.6%) than the lower extremity 
joints (70.4%). Most patients reported joint pain rather than 
muscle pain when at rest. The severity of joint pain was rated 
on a similar scale as muscle pain, and 18.5% of the patients 
had mild, 28.4% had moderate, and 53.1 % had severe pain. 
Both subjective muscle weakness and restriction of joint move-
ment were reported in and around the most frequently affected 
regions (Tables IV, V). No patient developed chronic form of 
trichinellosis on follow-up. 
The joint and muscle pain was correlated each other (r = 
0.875, P = 0.01) and with eosinophilia (r = 0.368, P = 0.001; 
r = 0.437, P = 0.01), increased CK (r = 0.301, P = 0.01; r 
= 0.338, P = 0.01), and LDH (r = 0.412, P = 0.01; r = 0.454, 
P = 0.01). Pain scores in joints and muscle regions were found 
to be strongly correlated each other (r = 0.878, P = 0.01). 
Increased serum CK and LDH levels also were correlated with 
eosinophilia (r = 492, P = 0.01; r = 666, P = 0.01). 
DISCUSSION 
Between January and March 2004, -1,000 people were ad-
mitted to 6 medical centers in Izmir, each with the history of 
consuming possibly infected meatballs and showing a wide 
range of symptoms. Of these patients, -450 individuals fulfilled 
the criteria for acute trichinellosis. A significant proportion of 
TABLE II. Frequency and distribution of muscle pain in people with acute Trichinella britovi infection. 
Duration avg 
Body site Female (%) Male (%) Total (%) Pain at rest (%) (range in days) 
Neck and shoulder girdle 74.1 68.3 71.6 15.7 32.6 (5-135) 
Upper arm 75.5 70.7 73.4 6.5 29.5 (6-128) 
Fore arm 67.9 75.6 71.3 7.0 28.4 (6-128) 
Back 70.4 58.5 65.3 7.1 33.4 (5-128) 
Thigh 55.8 52.5 54.3 23.5 28.1 (7-128) 
Calf 69.8 81.4 75.0 11.8 29.3 (5-128) 
Jaw 30.6 35.9 33.0 8.7 31.4 (5-128) 
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TABLE III. Frequency and distribution of joint pain in people with acute Trichinella britovi infection. 
Body site Female (%) Male (%) 
Shoulder 74.1 62.8 
Elbow 61.1 38.1 
Wrist 61.8 47.6 
Knee 72.7 62.8 
Ankle 54.5 53.5 
Temporomandibular 39.6 31.7 
these patients were admitted to the rheumatology outpatient 
clinic at Dokuz Eylul University, because the index case and 
her 13 friends with many musculoskeletal symptoms were di-
agnosed at our clinic. The index case was a 26-yr-old female; 
she was admitted to our outpatient clinic with the complaints 
of fever, and widespread joint and muscle pain for 3 wk. On 
physical examination, she had fever (38.4 C), peri-orbital and 
facial edema, and tenderness on thigh and calf muscles as well 
as in some small and large joints. Her biochemical analysis was 
normal. She had a high erythrocyte sedimentation rate and C-
reactive protein, a white blood cell count of 6,600/mm3 , with 
36% eosinophils. She was hospitalized with a possible diag-
nosis of connective tissue disease. A detailed history revealed 
that all of her friends with whom she had eaten raw meatballs 
from the same restaurant ~ 1 mo previously were suffering from 
similar symptoms. Her friends were invited for examination, 
and blood tests were performed. The tests showed increased 
muscle enzymes associated with eosinophilia in most of them. 
Based on these findings, a presumptive diagnosis of trichinel-
losis was made, and local health authorities were alerted. The 
diagnosis of trichinellosis was confirmed by muscle biopsy ob-
tained from the index patient and also by serological tests per-
formed in her and all of her friends. Investigation of the out-
break was initiated by the local health authorities. 
Infectious etiologies have long been considered in rheumatic 
diseases, and many rheumatic syndromes have been found to 
be related with bacterial, fungal, and viral infections (Sang and 
Bennett, 1987). Although parasitic diseases remain prevalant 
worldwide, reports regarding parasite-related rheumatic syn-
dromes are mainly based on single or small case series (Burn-
stein and Liakos, 1983; Corman, 1987; Lee et aI., 1990; Lecuit 
et aI., 1997), and parasites are often not identified in the dif-
ferential diagnosis of rheumatic diseases. However, parasitic in-
fections may underlie the clinical presentation of some rheu-
. , 
TABLE IV. Subjective muscle weakness in people with acute Trichinella 
britovi infection. 
Female Male Total Duration avg 
Body site (%) (%) (%) (range in days) 
Neck and shoulder girdle 59.3 59.5 59.4 25.8 (5-98) 
Upper arm 66.7 71.4 68.8 25.9 (5-128) 
Fore arm 61.1 71.4 65.6 24.3 (5-98) 
Back 61.1 58.5 60.0 25.8 (5-128) 
Thigh 42.3 53.7 47.3 26.4 (6--100) 
Calf 66.7 76.2 70.8 27.6 (5-100) 
Jaw 28.0 41.5 34.1 32.9 (5-128) 
Duration avg 
Total (%) Pain at rest (%) (range in days) 
69.1 41 31.2 (5-135) 
51.0 32.1 29.2 (5-128) 
55.7 39.4 27.3 (5-128) 
68.4 34.2 34.4 (6--128) 
54.1 32.3 32.6 (5-128) 
36.2 26.3 31.0 (5-120) 
matic conditions or mimic different rheumatic diseases, such as 
reactive arthritis and spondyloarthropathies, inflammatory myo-
sitis, vasculitis, and even glomerulonephritis (Ferraccioli et aI., 
1988; Peng, 2002). Although myositis is a well-known feature 
of the pathognomonic syndrome of acute trichinellosis, the 
characteristics of myositis and other musculoskeletal symptoms 
have been described in only 1 study during an outbreak, which 
occurred in Italy in 1985. 
Trichinellosis is a zoonosis caused by several species of 
Trichinella with a worldwide occurrence. The parasitic cycle 
can be divided into 2 phases: 1 phase gastrointestinal and the 
second phase muscular (parenteral or systemic) (Dupouy-Camet 
et al., 2002). After the consumption of infected meat, the larvae 
are released and penetrate the small intestinal mucosa where 
they mature into adult worms within 4-5 days after infection. 
After mating in the intestine, females shed newborn larvae into 
the lymphatic vessels for 3-4 wk. The gastrointestinal phase of 
parasitic cycle leads most frequently to diarrhea and abdominal 
pain (Dupouy-Camet et al., 2002). In our study group of 98 
patients with acute trichinellosis, diarrhea and abdominal pain 
were reported in 37.8 and 35.5% of the patients, respectively. 
Acute trichinellosis corresponds with the migration of infec-
tious larvae released in the host's gastrointestinal mucosa to a 
blood vessel for transport, followed by direct invasion of stri-
ated skeletal muscle cells (Dupouy-Camet et al., 2002; Pozio 
et aI., 2003). The time between ingestion of infected meat and 
the appearance of clinical signs is known as incubation period. 
The incubation period in our patients was 16.1 ± 10.4 days. 
The migration of larvae may cause an immediate immunolog-
ical, pathological, and metabolic disturbances (Kociecka, 2000; 
Dupouy-Camet et aI., 2002). Infiltration of inflammatory cells 
and their mediators as well as early type hypersensitivity re-
action are of significance for numerous clinical phenomena in 
the acute stage of infection. Fever, severe asthenia, eyelid or 
facial edema, or both, and cutaneous rash may frequently occur 
TABLE V. Restriction of joint movement frequency in patients with acute 
Trichinella britovi infection. 
Female Male Total Duration avg 
Body site (%) (%) (%) (range in days) 
Shoulder 45.5 46.3 45.8 29.0 (5-110) 
Elbow 37 37.2 37.1 24.1 (6--80) 
Wrist 45.3 31.7 39.4 23.8 (5-80) 
Knee 50 40.5 45.7 29.6 (5-120) 
Ankle 47.2 40.5 44.2 26.5 (5-110) 
Temporomandibular 30.8 31.7 31.2 32.1 (5-120) 
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by these mechanisms (Kociecka, 2000; Dupouy-Camet et aI., 
2002; Pozio et aI., 2003). Moreover, vascular injury or vascu-
litis caused by migrating larvae manifests principally via hem-
orrhagic lesions in the skin, nail beds, conjunctivas, myocar-
dium, brain, and muscles (Kociecka, 2000; Dupouy-Camet et 
aI., 2002). 
Besides the aforementioned multiorgan involvement, major 
pathological events occur in striated skeletal muscles during the 
acute stage. The invading larvae induce major cellular modifi-
cations to survive in this particular site. The damage and in-
creased permeability of muscle cell membrane also results in 
increased muscle enzymes, which is characteristic of myositis 
(Kociecka, 2000; Dupouy-Camet et aI., 2002; Pozio et al., 
2003). The signs and symptoms of acute trichinellosis vary in 
intensity and duration, reflecting the number of larvae, the spe-
cies of Trichinella involved, the susceptibility and the allergic 
reactions of the host as well as the time at which the treatment 
has been started (Kociecka, 2000). For example, Trichinella 
spiralis infection is thought to be more severe than that by T. 
britovi, possibly because T. britovi females are less reproduc-
tively prolific (Pozio et aI., 1993). 
Although the natural course of the infection might be mod-
ified by antihelminthic therapy, patients included in the present 
study had a mild disease, because none of them showed an 
objective evidence of brain or myocardial involvement, and 
only 1 patient suffered from thrombophlebitis. That muscle and 
joint pain were the most frequently observed symptoms in the 
course of acute trichinellosis in our patients stresses the impor-
tance of musculoskeletal involvement during the course of this 
infection. The mechanism of muscle pain may be explained by 
the damage in muscle cells induced by invading first-stage lar-
vae and the resulting pathomorphological alterations in muscle 
cells and microcirculation (Kociecka, 2000). However, eosino-
phils might play a role in muscle tissue damage. A prevalent 
eosinophil infiltration around muscle fibers and a good corre-
lation between severe hypereosinophilia (> 1,500 celllmm3) and 
myalgia, or levels of muscle enzymes, have been documented 
previously in people infected with Trichinella nelsoni (Ferrac-
cioli et aI., 1988), in part synonymous with Trichinella britovi 
(Pozio et al., 1992), a pathological pattern observed .in the 
course of the present study. 
The number of people suffering muscle pain in the neck and 
shoulder girdle in the course of the present study is similar to 
that reported in another outbreak reported by Ferraccioli et aI. 
(1988), but with a higher frequency in upper and lower extrem-
ities. Although increased muscle enzymes and muscle weakness 
were related, the pattern of muscle edmplaints differs somewhat 
from inflammatory myositis. The acute onset of clinical syn-
drome, a more frequent complaint in distal extremities, the ab-
sence of a true muscle weakness, and a typical rash could be 
helpful for a differential diagnosis. However, in sporadic cases 
with muscle pain and increased muscle enzymes, the differen-
tiation of trichinellosis from dermato-polimyositis may be dif-
ficult (Herrera et aI., 1985). 
A significant proportion of our patients described joint pain. 
Formerly, only Ferraccioli et aI. (1988) reported joint pain in 
their patients, although with less frequency. They concluded 
that the muscle pain and aches had been referred to joints, be-
cause they observed joint pain only during muscle contraction 
(Ferraccioli et aI., 1988). In our patients, the pain in the joints 
was observed in the same regions and with a frequency similar 
to that of pain in the muscles. The pain in the joints also was 
correlated with both muscle pain and muscle enzymes. How-
ever, the joint pain in the course of acute trichinellosis could 
not be explained entirely by myositis, because several of our 
patients described joint pain at rest, as seen in inflammatory 
conditions. Pain without obvious joint abnormality has been 
reported to be occurring in postpoliomyelitis syndrome (Trojan 
and Cashman, 2005) and in hemiplegic patients (Fotiadis et aI., 
2005) and is suggested to be due to chronic, abnormal or over-
use of weak or unstable limbs. However we could not detect 
any objective muscle weakness in our patients. 
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CYSTOISOSPORA CANIS NEMESERI, 1959 (SYN. ISOSPORA CANIS), INFECTIONS IN 
DOGS: CLINICAL SIGNS, PATHOGENESIS, AND REPRODUCIBLE CLINICAL DISEASE IN 
BEAGLE DOGS FED OOCYSTS 
Sheila M. Mitchell, Anne M. Zajac, Sam Charles', Robert B. Duncan, and David S. Lindsayt 
Department of Biomedical Sciences and Pathobiology, Virginia Tech, 1410 Prices Fork Road, Blacksburg, Virginia 24061-0342. 
e-mail: lindsayd@vt.edu 
ABSTRACT: Canine intestinal coccidiosis is a cause of diarrhea in young dogs and dogs that are inununocompromised. Reports 
in the literature indicate that experimental reproduction of clinical coccidiosis with Cystoisospora canis (syn. Isospora canis) is 
difficult, and few studies have been done with C. canis. Experimental oral infections were attempted in 22, 6- to 8-wk-old female 
beagles with 5 X 104 (n = 2) or 1 X 105 (n = 20) sporulated C. canis oocysts. Diarrhea was observed in all inoculated dogs. 
Diarrhea began 2-3 days before oocyst excretion. Five of the 22 dogs were given an anticoccidial (sulfadimethoxine) because 
of their clinical signs. The mean prepatent period was 9.8 days (range, 9-11 days, n = 22 dogs), and the patent period was 8.9 
days (range, 7-18 days, n = 20 dogs). Two dogs exhibiting clinical coccidiosis were examined at necropsy 10 days after infection. 
Developmental stages of C. canis were present in cells in the lamina propria throughout the entire small intestine in both dogs. 
Microscopic lesions observed in both of these dogs were villous atrophy, dilation of lacteals, and hyperplasia of lymph nodes in 
Peyer's patches. Results of bacterial and viral examinations of these 2 dogs were negative, indicating that intestinal coccidiosis 
was the cause of the diarrhea. Our study indicates that C. canis can be a primary cause of diarrhea in young dogs. 
Coccidia are common parasites of dogs worldwide. Dogs are 
hosts for Cystoisospora canis Nemeseri, 1959; Cystoisospora 
ohioensis Dubey, 1975; Cystoisospora burrowsi Trayser and 
Todd, 1978; and Cystoisospora neorivolta Dubey and Mahrt, 
1978. In dogs, oocysts of C. canis can be definitively identified 
based on their structure in fecal samples because of their large 
size (>33 j.Lm) when compared with the oocysts of C. ohioensis, 
C. neorivolta, and C. burrowsi, which are structurally similar 
«30 j.Lm) (Lindsay et aI., 1997). The oocysts of these 3 simi1ar-
sized coccidial species are often grouped together and termed 
C. ohioensis-like oocysts because detailed structural examina-
tions and life-cycle studies are needed before a definitive di-
agnosis can be made. The life cycle and transmission of C. 
canis has been examined by several groups of researchers (Ne-
meseri, 1960; Lepp and Todd, 1974, 1976; Dubey, 1975b, 1982; 
Hilali et al., 1979; Becker et al., 1981). The life cycles and 
transmission of C. ohioensis, C. neorivolta, and C. burrowsi, 
have also been examined (Dubey, 1975a, 1978a, 1978b; Dubey 
and Mahrt, 1978; Dubey and Mehlhorn, 1978; Dubey et al., 
1978; Trayser and Todd, 1978; Becker et aI., 1981; Rommel 
and Zielasko, 1981.). 
There is controversy over the pathogenicity of C. canis and 
other Cystoisospora species occurring in dogs. Severe clinical 
disease was not produced in 25, 6-wk-old or 6, 8-wk-old dogs 
inoculated with 1-1.5 X 105 C. canis oocysts of an Illinois 
isolate of the parasite (Lepp and Todd, 1974). Nemeseri (1960) 
found that 5 X 103 oocysts of a Hung"anan isolate of C. canis 
were not pathogenic for dogs, but an inoculum of 5 or 8 X 104 
oocysts produced clinical coccidiosis. The present study was 
done to evaluate the pathogenicity of an isolate of C. canis 
obtained from pit bull puppies. Additionally, the oocysts of C. 
canis are redescribed, and additional information on the life 
cycle of C. canis is presented. 
Received 29 August 2006; revised 23 October 2006; accepted 30 Oc-
tober 2006. 
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MATERIALS AND METHODS 
Source of oocysts 
Oocysts consistent with the structure of C. canis were identified in 
the feces of 2 littermate pit bull puppies, housed at the Montgomery 
County animal shelter in Blacksburg, Virginia. The pups were 1-2 mo 
of age. Feces were collected from these puppies 1 or 3 times/wk from 
26 February 2004 through 24 March 2004. These oocysts were mixed 
in 2% (v/v) sulfuric acid, filtered through 2 layers of cheesecloth, placed 
in a thin layer (4-6 nun) in 150-cm2 tissue culture flasks with vented 
tops, and placed on a mechanical shaker for 4-6 days at room temper-
ature. Oocysts were concentrated by flotation using Sheathers' sugar 
solution and stored at 4 C in 2% sulfuric acid until used. Oocysts were 
washed free of sulfuric acid in sterile Hanks balanced salt solution 
(HBSS) by centrifugation before use in experimental infections. 
Dogs and fecal examinations 
Five experiments using 22 female beagles were conducted (Table I). 
Dogs were obtained at 6-8 wk of age (Covance, Cumberland, Virginia). 
Weights were obtained upon the dogs' arrival at our facilities and at 
weekly intervals thereafter. Fecal samples were examined using cen-
trifugal flotation in Sheathers' sugar solution. Fecal samples were ex-
amined daily until dogs were orally infected (if feces were available). 
Samples were examined on days -1,0, and 1-29 for coccidial oocysts. 
Quantitative fecal oocyst counts using the McMaster method were done 
when a dog became positive for the C. canis oocyst (Tables II, III). 
Briefly, the McMaster method was conducted by mixing 2 g of feces 
with 28 ml of Sheathers' sugar solution. Both sides of a McMaster 
counting slide were loaded with the mixture. Slides were allowed to sit 
for 5 min, and then all oocysts present were counted. The total numbers 
of oocysts counted was determined by multiplying the number counted 
by 50. No. 1 was used if the McMaster exam was negative, but the 
fecal float was positive. 
Clinical signs 
Clinical signs were recorded for each dog daily after clinical signs 
became apparent. Temperatures were obtained when dogs became clin-
ically ill (Experiments 1-3) or at weekly intervals (Experiments 4-5). 
Fecal samples were scored daily (Table IV). Briefly, a score of I = 
normal-formed feces; 2 = mixture of loose and formed; 3 = completely 
loose but not liquid; and 4 = liquid. A note was made whether blood 
or mucus was present. 
Hematocrit and total protein values were examined weekly in dogs 
from Experiments 4 and 5. 
Experimental infections 
Experiments 1-5 used an inoculum dose of 1 X 105 sporulated C. 
canis oocysts, whereas Experiment 3 used an inoculum dose of 5 X 
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TABLE 1. Experimental protocol for oral infection of dogs with sporu-
lated oocysts of Cystoisospora canis, clinical signs, and prepatent and 
patent periods in days. 
Dose of Clinical Prepatent Patent 
Expt.* Dog Oocysts signs period period 
BARt X H)5 Yes 11 10 
BASH x l()5 Yes 9 10 
2 AHC X 105 Yes 10 5 
2 ALFt X lOS Yes 10 8 
2 AHP X 105 Yes 10 8 
2 AIZ1 X l()5 Yes 10 8 
3 BAG§ 5 X 10' Yes 9 9 
3 AXY§ 5 X 10' Yes 10 7 
3 BBH§ 1 X lOS Yes 10 18 
3 AYF§ 1 X 105 Yes 10 7 
4 ASFt§ X lOS Yes 10 10 
4 ASH X lOS Yes 10 11 
4 ASI X lOS Yes 10 8 
4 ASG§ X lOS Yes 10 8 
5 AIY§ X lOS Yes 10 9 
5 AJU X lOS Yes 10 8 
5 AKA X 105 Yes 10 7 
5 AJYt X lOS Yes 10 7 
5 AJA X lOS Yes 10 7 
5 AJZ§ X lOS Yes 10 8 
5 AJV X l()5 Yes 9 NA 
5 AIZ2 X 105 Yes 9 NA 
* Experiment number. 
t Dog treated with sulfadimethoxine because of clinical coccidiosis. 
:j: This dog was treated orally with 5 mg prednisone daily 3 days before infection 
and then daily on days 1-6 and 8-12 after infection. 
§ Cystoisospora ohioensis-like oocysts observed in the feces of dog before ex-
perimental oral infection with C. canis oocysts. 
H),' sporulated C. canis oocysts in 2 of the 4 dogs in addition to the 
dose listed above in the remaining 2 dogs. Dogs were orally infected 
by mixing the appropriate amount of sporulated oocysts in commercial 
dog food (Hills Science Diet A\D, Topeka, Kansas). All dogs readily 
ate this mixture within 3-5 min, and none vomited the inoculum. 
One dog (BAS) in Experiment 1 was treated orally with 5 mg of 
prednisone daily for 3 days before infection and then daily on days 
1-6 and 8-12 after infection (Table I). Results of Experiment 1 indi-
cated that prednisone immunosuppression was not needed, and none of 
the other dogs was given this treatment. Dogs BAR, BAS, ALp, ASp, 
and AJY were treated with 25 mglkg sulfadimethoxine (Pfizer Inc., 
Groton, Connecticut) for 2-3 days because of severe diarrhea (Table I). 
Pathogenicity and development study (Experiment 5) 
Experiment 5, using 8 dogs, was designed to determine the role of 
C. canis in the pathogenicity of diarrhea observed in the infected dogs 
and to rule out other causes, such as bacteria and viruses. The sporulated 
oocyst inoculum was treated with 50% v/v bleach solution for 5 min 
on an ice bath and then washed by centrifugation in cold sterile HBSS 
until the smell of bleach was no longer present. This inoculum was then 
streaked onto blood agar and TSA agar to detect bacteria that may have 
survived bleach treatment. This inoculum was used to infect 8 beagles. 
Two dogs (AJV and AIZ-2) were killed 10 days postinoculation (PI). 
A board-certified pathologist (R.B.D) conducted the necropsy. Intestinal 
tissues were collected for bacteriological culture and histological ex-
amination. Additional tissues collected for histology only and fixed in 
10% neutral buffered formalin solution were mesenteric lymph nodes, 
liver, and spleen. Formalin-fixed tissues were embedded in paraffin, 
sectioned at 6 11m, and stained with hematoxylin and eosin. Feces were 
collected for virology and examined by transmission electron micros-
copy (TEM) after negative staining at the Texas Veterinary Medical 
Diagnostic Laboratory, College Station, Texas. Additionally, portions of 
ileum were fixed in 3% (v/v) glutaraldehyde in phosphate buffer (PBS, 
pH 7.4). Tissues were postfixed in 1% (w/v) osmium tetroxide in 0.1 
M phosphate buffer, dehydrated in a series of ethanols, passed through 
2 changes of propylene oxide, and embedded in Poly/Bed 812 resin 
(Polysciences Inc., Warrington, Pennsylvania). Thin sections were 
stained with uranyl acetate and lead citrate and examined with a Zeiss 
TABLE II. Daily McMaster's oocysts counts per gram of feces per dog (days 8-17). 
ID 8 9 10 11 12 13 14 15 16 17 
BAR* 0 0 0 30,500 22,000 118,400 82,750 33,200 204,600 134,200 
BAS*t 0 12,300 0 0 43,450 77,250 77,900 59,700 39,150 3,450 
AHC 0 0 28,800 0 23,300 4,300 0 0 0 
ALF* 0 0 31,450 29,150 30,700 28,050 8,900 3,400 100 
AHP 0 0 140,650 66,250 51,800 33,800 20,700 11,100 800 
AIZ 0 0 137,950 58,350 83,500 54,750 18,800 4,800 1,250 
BAG:j: 0 250 81,650 200,250 215,650 29,050 7,000 2,800 150 50 
BBH:j: 0 0 14,600 137,300 1,370,300 98,400 118,900 47,250 27,950 24,500 
AXY:j: 0 0 5,450 123,050 64,250 28,100 6,450 1,700 100 0 
AYF:j: 0 0 36,700 125,000 113,350 64,750 38,050 6,700 50 0 
ASF*:j: 0 0 1<'0 75,600 20,700 2,900 10,000 5,600 2,100 200 
ASH 0 0 1,900 22,750 96,000 49,800 8,600 5,600 2,000 1,950 
ASI 0 0 500 9,150 120,400 23,100 3,000 3,100 3,300 900 
ASG:j: 0 0 11,450 114,400 55,800 24,500 5,900 400 1,050 150 
AIY:j: 0 4,400 14,400 32,900 28,200 13,300 12,500 3,600 850 
AJU 0 1 176,500 36,100 83,900 40,300 24,200 6,500 550 50 
AKA 0 0 8,350 106,800 101,600 38,100 92,500 5,200 5,450 0 
AJY* 0 0 22,400 122,600 125,100 92,500 124,400 22,000 1,100 0 
AJA 0 0 38,700 47,500 122,500 59,900 16,000 20,400 6,050 0 
AJZ:j: 0 0 40,000 109,300 167,800 138,800 53,600 11,800 5,050 300 
AJV 0 5,900 0 0 0 0 0 0 0 
AIZ-2 0 17,550 0 0 0 0 0 0 0 
* Dog treated with sulfadimethoxine because of clinical coccidiosis. 
t This dog was treated orally with 5 mg prednisone daily 3 days before infection and then daily on days 1-6 and 8-12 after infection. 
:j: Cystoisospora ohioensis-like oocysts observed in the feces of dog before experimental oral infection with C. canis oocysts. 
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TABLE III. Daily McMaster's oocysts counts per gram of feces per dog (days 18-27). 
ID 
BAR* 
BAS*t 
AHC 
ALF* 
AHP 
AIZ 
BAG:j: 
BBH:j: 
AXY:j: 
AYF:j: 
ASF*:j: 
ASH 
ASI 
ASG:j: 
AIY:j: 
AJU 
AKA 
AJY* 
AJA 
AJZ:j: 
AJV 
AIZ-2 
18 
82,400 
350 
o 
o 
o 
o 
o 
3,550 
o 
o 
850 
1,150,200 
o 
o 
100 
o 
o 
o 
o 
o 
o 
o 
19 
4,500 
o 
o 
o 
o 
o 
o 
700 
o 
o 
250 
200 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
20 
100 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
50 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
* Dog treated with sulfadimethoxine because of clinical coccidiosis. 
21 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
22 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
23 
o 
o 
o 
o 
o 
o 
o 
3,250 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
24 
o 
o 
o 
o 
o 
50 
o 
1,500 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
25 
o 
o 
o 
650 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
t This dog was treated orally with 5 mg prednisone daily 3 days before infection and then daily on days 1-6 and 8-12 after infection. 
* Cystoisospora ohioensis-like oocysts observed in the feces of dog before experimental oral infection with C. canis oocysts. 
TABLE IV. Daily fecal scores* postinoculation (PI) (dogs BAR-AYF). 
Days PI 
-1 
o 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
BARt 
1 
2 
2 
2 
1 
2 
2 
1 
4 
4 
4 
4 
4 
4 
3 
4 
4 
3 
3 
2 
2 
2 
3 
2 
BASt:j: 
1 
3 
2 
1 
3 
4 
4 
2 
2 
2 
4 
4 
4 
3 
2 
2 
2 
2 
2 
ARC 
2 
2 
2 
2 
1 
2 
2 
4 
4 
4 
4 
4 
3 
A I 
3 
4 
3 
3 
2 
1 
2 
2 
1 
ALFt 
1 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
2 
1 
2 
2 
2 
2 
2 
AHP 
1 
2 
2 
2 
2 
2 
3 
4 
4 
4 
4 
4 
4 
3 
3 
2 
2 
2 
2 
2 
AIZ 
1 
2 
2 
2 
1 
3 
4 
3 
2 
'3 
2 
3 
3 
3 
2 
BAG§ 
1 
2 
3 
4 
3 
4 
4 
2 
2 
2 
2 
1 
BBH§ 
1 
2 
2 
2 
2 
3 
2 
2 
1 
3 
2 
2 
2 
2 
* A score of I = normal-formed feces; 2 = mixture of loose and formed; 3 = completely loose but not liquid; and 4 = liquid. 
t Dog treated with sulfadimethoxine because of clinical coccidiosis. 
* This dog was treated orally with 5 mg prednisone daily 3 days before infection and then daily on days 1-6 and 8-12 after infection. 
§ Cystoisospora ohioensis-like oocysts observed in the feces of dog before experimental oral infection with C. canis oocysts. 
26 
o 
o 
o 
1,250 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
AXY§ 
2 
2 
2 
2 
2 
3 
27 
o 
o 
o 
600 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
AYF§ 
2 
1 
2 
2 
2 
3 
3 
3 
3 
2 
2 
2 
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TABLE V. Daily fecal scores* postinoculation (PI) (dogs ASF-AIZ-2). 
Days PI ASFt:j: ASH ASI ASG:j: AIY:j: AJD AKA AJYt AJA AJZ:j: AJV AIZ-2 
-I 3 2 3 2 2 2 2 2 
0 2 1 
3 1 I 1 1 1 
2 3 2 2 3 3 3 3 2 
3 3 3 3 3 3 3 
4 3 2 2 2 2 3 3 2 
5 3 3 2 2 2 3 3 2 
6 1 3 3 2 2 2 3 3 2 
7 2 4 2 1 2 2 1 
8 2 2 NA§ 4 2 2 3 3 3 
9 3 2 4 4 4 4 4 4 4 4 4 
10 4 4 4 4 4 4 4 4 4 4 4 4 
11 4 4 4 4 4 4 4 4 4 4 NA NA 
12 4 4 4 4 4 4 2 4 4 4 NA NA 
13 NA 4 3 4 3 4 4 4 4 4 NA NA 
14 3 3 3 3 3 3 2 4 3 2 NA NA 
IS 3 3 3 3 3 3 3 3 3 NA NA 
16 3 3 3 3 3 3 2 3 3 3 NA NA 
17 3 3 3 3 3 3 3 NA NA 
18 2 I I 3 3 2 NA NA 
19 NA 3 3 2 3 3 3 NA NA 
20 2 I 2 3 2 NA NA 
21 I I 2 2 NA NA 
22 2 2 2 NA NA 
23 3 2 2 NA NA 
24 2 1 NA NA 
* A score of 1 = normal-formed feces; 2 = mixture of loose and formed; 3 = completely loose but not liquid; and 4 = liquid. 
t Dog treated with sulfadimethoxine because of clinical coccidiosis. 
:j: Cystoisospora ohioensis-like oocysts observed in the feces of dog before experimental oral infection with C. canis oocysts. 
§ Not applicable because no sample was obtained that day postinoculation. 
lOCA TEM operating at 60 kV. Digital images were captured using an 
ATM camera system (Advanced Microscopy Techniques Corp., Dan-
vers, Massachusetts). 
Thick sections of resin-embedded tissues were stained with methy-
lene blue-Azure II-Basic fuchsin triple stain (Hayat, 1989) and mounted 
on glass slides for observation with light microscopy. 
Immunohistochemistry 
Immunohistochemistry was done to determine whether devel0I>men-
tal stages of C. canis contained cross-reactive antigens to Neospora 
caninum, Toxoplasma gondii, or Sarcocystis neurona. Parasite-specific 
antisera were made in rabbits and used at dilutions of 1:500 and I: 
1,000. Paraffin-embedded tissue sections of C. canis-infected ileum 
were cut at 6 !Lm, mounted on glass slides, and used for immunohis-
tochemical examinations using the avidin-biotin immunoperoxidase 
complex (ABC) test, as previously described by Lindsay and Dubey 
(1989). Positive controls for parasite cr(~&S-reactivity were tissue sec-
tions containing developmental stages of T. gondii, N. caninum, or S. 
neurona. 
Redescription of C. canis 
Sporulated oocysts from pit bull puppies were examined using an 
Olympus BX60 microscope equipped with differential contrast optics 
and a digital camera. Measurements were obtained from 25 oocysts 
using oil emersion and a calibrated ocular micrometer. 
RESULTS 
Cystoisospora ohioensis-like oocysts were observed in the 
feces of dogs in Experiment 3 (4 of 4 dogs), Experiment 4 (2 
of 4 dogs), and Experiment 5 (2 of 8 dogs) before infection 
with I. canis oocysts (Tables I-III). Clinical signs were not as-
sociated with the presence of these C. ohioensis-like oocysts. 
All dogs that excreted C. ohioensis-like oocysts were suscep-
tible to clinical coccidiosis when fed C. canis oocysts orally 
(Table I). The 2 dogs (AJV and AIZ2) used in Experiment 5 
for histology and pathology studies never excreted C. ohioen-
sis-like oocysts, and that was a selection criterion for their use 
in the studies. The C. canis oocyst counts for the dogs in Ex-
periments 1-5 are presented in Tables II and III. 
Clinical signs 
Clinical coccidiosis was induced in all dogs in Experiments 
1-5 (Table I). Fecal scores are presented in Tables IV-V. Fecal 
scores of 3 or 4, indicating severe diarrhea, were usually seen 
2-'3 days before oocyst excretion. Clinical signs were consistent 
with canine coccidiosis and included watery or bloody diarrhea, 
anorexia, weight loss, vomiting, and lethargy. Increased rectal 
temperatures were also noted in most dogs. Hematocrit and to-
tal protein values obtained from dogs in Experiments 4 and 5 
were within normal ranges (37-55% hematocrit; 5.2-7.8 gldl 
total protein) for dogs. Total weight gains for dogs ranged from 
0.2 to 3.0 kg (Table VI). 
All dogs excreted C. canis oocysts. The mean prepatent pe-
riod was 9.8 days (range, 9-11 days, n = 22 dogs), and the 
patent period was 8.9 days (range, 7-18, n = 20 dogs). 
Pathogenicity and development 
Results of histopathological examination of small intestine 
documented asexual stages and sexual stages of C. canis within 
TABLE VI. Beginning and ending weights of dogs in kilograms. 
Expt.* Dog Oocysts Beginning Ending Total gain 
BARt X 105 2.5 3.8 1.3 
1 BASH X 105 2.8 4.3 1.5 
2 AHC X 105 2.6 2.8 0.2 
2 ALPt X 105 2.0 3.1 1.1 
2 AHP X 105 2.8 3.8 1.0 
2 AIZ X 105 1.8 2.7 0.9 
3 BAG§ 5 X 10' 1.6 4.3 2.7 
3 BBH§ 5 X 10' 1.5 4.5 3.0 
3 AXY§ X 105 1.9 4.7 2.8 
3 AYF§ X 105 1.5 4.5 3.0 
4 ASPt§ X 105 1.0 2.5 1.5 
4 ASH X 105 1.1 2.8 1.7 
4 ASI X 105 1.2 3.0 1.8 
4 ASG§ X 105 1.0 2.5 1.5 
5 AIY§ X 105 1.5 3.0 1.5 
5 AJU X 105 1.7 2.7 1.0 
5 AKA X 105 2.0 3.2 1.2 
5 AJYt X 105 1.7 2.7 1.0 
5 AJA X 105 2.0 3.0 1.0 
5 AJZ§ X 105 1.8 3.2 1.4 
5 AJVII X 105 2.2 2.4 0.2 
5 AIZ-211 X 105 1.7 2.0 0.3 
* Experiment number. 
t Dog treated with sulfadimethoxine because of clinical coccidiosis. 
* This dog was treated orally with 5 mg prednisone daily 3 days before infection 
and then daily on days 1-6 and 8-12 after infection. 
§ Cystoisospora ohioensis-like oocysts observed in the feces of dog before ex-
perimental oral infection with C. canis oocysts. 
II Dog was killed and examined at necropsy. 
the subepithelial lamina propria of intestinal villi (Figs. 1-4). 
There was mild villous atrophy; moderate, diffuse villous epi-
thelial cell attenuation; moderate crypt epithelial cell hyperpla-
sia; occasional widely scattered, mildly dilated lacteals; and 
marked lymphoid hyperplasia of the Peyer's patches (Fig. 5). 
Occasional crypts contained a few eosinophils, polymorpho-
nuclear leukocytes, and necrotic epithelial cells. Rare sexual 
stages of C. canis were present in the colon. ExtraintestiBal 
stages of C. canis were not detected in the mesenteric lymph 
nodes, but there was moderate-to-marked lymphoid hyperpla-
sia, mild sinus histiocytosis, and occasional scattered foci of 
neutrophils and eosinophils. 
No bacterial growth was observed on the blood agar or TSA 
agar plates after 3 days of incubation with sterilized oocysts 
mixture used to infect dogs. No bacteriAl pathogens were iso-
lated from the intestines of the 2 dogs killed and examined at 
necropsy. No viruses were detected by electron microscopy in 
the feces from these 2 dogs. 
Schizonts, merozoites, macrogamonts, microgamonts, and 
oocysts were present in all sections of small intestines (Figs. 
1-4) from both dogs. Developmental stages were located in a 
parasitophorous vacuole in host cells that were in the lamina 
propria. Different developmental stages appeared to be in the 
same host cell (Fig. 3). Immature schizonts and mature mero-
zoites could also been seen in the same cell. Occasionally, ma-
crogamonts and microgamonts were seen in the same host cell. 
Light microscopic observations on asexual stages occupying the 
same host cell were validated by examinations using TEM. 
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Immunohistochemistry 
Developmental stages of C. canis did not react with antibod-
ies to T. gondii, N. caninum, or S. neurona. 
REDESCRIPTION 
Cystoisospora canis 
Diagnosis: Oocysts ovoid. Micropyle absent; oocyst residuum absent. 
Sporulated oocysts measure 37.2 ± 1.0 by 29.5 ± 1.2 IJ-m (35-39 by 
27-32 IJ-m, n = 25); length to width ratio 1.3 ± 0.06 (1.16-1.38, n = 
25). Two sporocysts present in each oocyst; sporocysts ellipsoidal, Stie-
da and substieda bodies absent, sporocyst residuum present, composed 
of a compact spherical mass or dispersed granules. Sporocysts measure 
21.2 ± 0.9 by 16.3 ± 0.1 IJ-m (19-23 by 15-18 IJ-m, n = 25); length 
to width ratio 1.3 ± 0.08 (1.17-1.47, n = 25). Pour sporozoites in each 
sporocyst. 
Taxonomic summary 
Type host: Domestic dog, Canis familiaris. 
Other hosts: Coyotes, Canis latrans, are experimental (Loveless and 
Anderson, 1975, Dubey, 1982; Dunbar and Poreyt, 1985) and natural 
hosts (Dubey, Payer et aI., 1978). 
Paratenic hosts: Mice, cats, dogs, swine, sheep, water buffalos, and 
camels (Dubey, 1975b, Hilali et aI., 1992, 1995; Zayed and El-Ghaysh, 
1998). These studies are based on feeding tissues of naturally or ex-
perimentally infected animals and finding oocysts of C. canis in canine 
feces after feeding of host tissues. 
Location in host: Inside of host cells, within the lamina propria of 
the duodenum, jejunum, and ileum of the small intestine and rarely the 
colon. 
Prepatent period: Prom 9 to 11 days (Nemeseri, 1960; Lepp and 
Todd, 1974; present study) if oocysts are used as inoculum. The pre-
patent period is 8-9 days in dogs fed C. canis-infected mice (Dubey, 
1975b). 
Patent period: Either 4 wk (Nemeseri, 1960) or 7-15 days (present 
study). 
Sporulation time: Sporulation is complete in 48 hr at 20 C and 16 hr 
at 30 or 35 C (Lepp and Todd, 1976). 
Material deposited: A phototype (see Bandoni and Duszynski, 1988) 
of sporulated oocysts is deposited in the U.S. National Parasite Collec-
tion (USNPC), Beltsville, Maryland. USNPC no. 097291.00. 
Remarks 
Amorphous inclusions were present between the sporont and oocyst 
wall of many unsporulated C. canis oocysts. These inclusions have been 
observed in unsporulated Cystoisospora suis oocysts from pigs (Biester 
and Murray, 1934; Lindsay et aI., 1980, 1982) and unsporulated Cys-
toisospora rivolta oocysts from cats (Dubey, 1979). This material is not 
present in fully sporulated oocysts of these Cystoisospora species. 
DISCUSSION 
Intestinal coccidial infections in naturally infected dogs have 
been examined in many countries (Dubey, Weisbrode et al., 
1978; Boch et aI., 1981; Correa et al., 1983; Kirkpatrick and 
Dubey, 1987; Penzhom et al., 1992; Daugschies et aI., 2000; 
Junker and Houwers, 2000). It is difficult to attribute intestinal 
disease to coccidia unless other pathogens are ruled out in a 
thorough search for disease-causing agents (Lindsay et aI., 
1997). Most studies rely only on clinical signs and do not ex-
amine tissues for lesions or other pathogenic agents. Penzhom 
et aI. (1992) studied a commercial German Shepherd breeding 
kennel in South Africa and found Cystoisospora sp. oocysts in 
the feces of dogs with diarrhea, some of which were also hem-
orrhaging. These authors were not able to demonstrate canine 
pathogenic bacteria or viruses in the feces of these dogs (Penz-
hom et aI., 1992). They were not able to link oocyst excretion 
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FIGURES 1- 4. Hematoxylin and eosin stained histological sections of the ileum of dog A1Z infected with I X l OS Cys/oisospora callis oocysts 
10 days previously and demonstrating developmental stage in the intestinal lamina propria. (1) A mature schizont (Sc) con taining numerous 
merozoite i located in a host ce ll in the lamina propria. (2) Several sexual tages including an oocyst (0 ). a mature microgamont (Mi) with 
microgametes, and a macrogamont (Ma) are pre ent in this section . (3) An immature microgamont (Mi) that appears to be in the same host cell 
as a merozoite (M ) . The infected cell i in the lamina propria. (4) An oocyst with a contracted sporont (0 ) and a macrogamont (Ma) in the lamina 
propria. 
by bitches to coccidial infections in their puppie . Daug chies 
et al. (2000) reported that natural Cystoisospora sp. infections 
were regularly found in 3- to 4-wk-old pups in dog-breeding 
facilities and that they were not a lways associated with diarrhea. 
Experimental studie on the pathogenicity of canine coccidi a 
are few, and they often conflict each other. Dubey ( 1978b) 
fo und that 5 X 105 C. ohioensis oocysts (admini tered a I X 
106 porocysts in the original paper) cau ed diarrhea in exper-
imentally infected 7-day-old pup but not weaned pup or 
young dogs. Microscopic change a ociated with C. ohioensis 
in fect ion included villou atrophy, necro is of apical enterocy-
tes, and cryptitis (Dubey, 1978b). Daugschies et al. (2000) re-
ported puppie (age not given) ex perimentally infected with 4 
X 104 oocysts of the C. oh.ioensis group developed catarrhal-
to-hemorrhagic diarrhea. Little is known about the pathogenic-
ity of C. neorivolta (Mahrt, 1967; Dubey and Mahrt, 1978) or 
C. burrowsi (Trayser and Todd, 1978; Rommel and Zielasko, 
1981 ). 
Levine and Ivens ( 198 1) suggested that strain differences in 
pathogenicity of C. canis could be present in dog. Neme eri 
( 1960) found that 5 X 103 oocysts of a Hungarian isolate of C. 
canis were not pathogenic for dogs, but an inoculum of 5 or 8 
X I Q4 oocysts produced c linical coccidio i . In contrast, severe 
clinical disease was not produced in 25 , 6-wk-old or 6, 8-wk-
old pups inoculated with 1- 1.5 X 105 C. canis oocy t (Lepp 
and Todd, 1974) isolated in dogs from Illinois. The pathoge-
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FIGURE 5. Section of ileum from dog AlZ infected with I X lOs Cys/oisospo ra canis oocysts 
dilated lacteal , and marked lymphoid hyperplasia of the Peyer's patches. 
nicity of C. canis oocy t in the present study are more similar 
to what wa reported by Nemeseri (1960) , rather than what was 
reported by Lepp and Todd (1974) . 
The pre ent study demonstrated that C. canis i a primary 
pathogen in young dogs. Our histological tudie demon trated 
lesions (Fig. 5) in the small inte tine, which were a ociated 
with the presence of developmental stage (Figs. 1- 4) of C. 
callis and clinical igns of diarrhea. Bleach treatment of the 
inoculum rendered it free of bacteria, indicating that bacteria 
were not responsible for causing the clinical sign. Our attempts 
to demonstrate pathogenic bacteria and' viruse in the 2 exper-
imentally infected dogs examined at necropsy were negative, 
indicating that the coccidia were responsible for the c linical 
signs and microscopic lesion in the e animals. 
Solid immunity follows a primary C. canis infection, and no 
oocysts are discharged after challenge (Becker et a1. , 1981 ). We 
used young (6- to 8-wk-old) dogs in hopes of obtaining them 
before they developed a natural C. canis infection. Fortunately, 
none of our dogs came infected with C. canis because preinoc-
ulation fecal examination for C. canis were negative and the 
timing of the prepatent period was con istent with the literature 
(Neme eri , 1960; Lepp and Todd, 1974; Levine and lven , 
1981 ). Prior infection i. always a problem when working with 
coccidia in animals. Some of our dogs harbored C. ohioensis-
like oocysts in their feces before infection (Table I- III). How-
ever, this C. ohioellsis- like infection did not prevent these dog 
from being infected with C. canis nor did it preclude them from 
developing clinical signs. Neither of the 2 dog u ed for mi -
croscopic lesion studies had prior infection with C. ohioensis-
like coccidia. 
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NEW SPECIES OF MORAVECIA (NEMATODA: DRACUNCULOIDEA) FROM BODY CAVITY 
OF MARINE PERCIFORM FISH PERCOPHIS BRASILIENSIS IN ARGENTINA 
Paola Braicovich, Frantisek Moravec*, and Juan T. Timit 
Departamento de Biologia, Facultad de Ciencias Exactas y Naturales, Universidad Nacional de Mar del Plata-ANPCyT, Funes 3350, 7600 Mar 
del Plata, Argentina. e-mail: braicGvi@mdp.edu.ar 
ABSTRACT: A new species of dracunculoid nematode, Moravecia argentinensis n. sp. (Guyanemidae), is described from the 
blood vessels and body cavity of Brazilian flathead, Percophis brasiliensis Quoy et Gaimard (Perciformes: Percophidae), from 
off the coast of Argentina. The new species differs from the only other congeneric species, Moravecia australiensis Ribu et 
Lester, 2004, mainly in the number (14) of cephalic papillae, the length ratio of the muscular and glandular portions of esophagus 
(1: 1-2), more numerous (3-5 pairs) genital papillae in the male, and the presence of a sclerotized copulatory plate. This is the 
second known species of Moravecia Ribu et Lester, 2004 and the first species of this genus reported from South American 
waters. 
Parasitological examinations of some marine fishes off the 
coast of Argentina carried out between April and May 2005 
revealed, among other helminths, adult dracunculoid nematodes 
parasitic in the body cavity and blood vessels of the Brazilian 
flathead, Percophis brasiliensis QUoy et Gaimard (Perciformes: 
Percophidae). They proved to represent a new species of Mo-
ravecia Ribu et Lester, 2004 (Guyanemidae Petter, 1974), which 
is described herein. 
MATERIALS AND METHODS 
Brazilian flatheads Perc'ophis brasiliensis were caught at the Mar del 
Plata coast (38°08'S-57°32'W), Argentina. Percophis brasiliensis is a 
demersal coastal species of the southwest Atlantic, distributed from Rio 
de Janeiro (southern Brazil) (23°S) to the north of the Chubut Province 
(central Argentina) (44°S) (Cousseau and Perrotta, 1998). On necropsy 
of the flatheads, dracunculoid nematodes were discovered in the body 
cavity and blood vessels. 
The nematodes for morphological studies were fixed in 5% formal-
dehyde solution. For light microscopy, they were cleared with glycerine. 
Drawings were made with the aid of a Zeiss microscope drawing at-
tachment. All measurements are in micrometers unless otherwise stated. 
Specimens used for scanning electron microscopy (SEM) were trans-
ferred to 4% formaldehyde solution and then postfixed in 1 % osmium 
tetroxide, dehydrated through a graded ethanol series, critical point 
dried, and sputter-coated with gold; they were examined using a JEOL 
JSM-6300 scanning electron microscope at an accelerating voltage of 
15 kY. Because of low quality of SEM micrographs, they are not used 
in the present publication; however, they were useful in corroborafing 
the distribution pattern of cephalic papillae. Fish names follow FishBase 
(Froese and Pauly, 2006). 
DESCRIPTION 
Moravecia argentinensis n. sp. 
(Fig. 1) . , 
General: Very fine, long, filiform nematodes with finely transversely 
striated cuticle. Cephalic end rounded. Oral aperture small, surrounded 
by 14 cephalic papillae arranged in 2 circles. External circle formed by 
4 submedian pairs of papillae, of which papillae situated more laterally 
distinctly larger than those situated more dorsally and ventrally. Internal 
circle consists of 1 pair of small lateral papillae and I dorsal and I 
ventral pair of papillae; each pair of dorsal and ventral papillae situated 
Received 19 April 2006; revised 14 September 2006; accepted 15 
September 2006. 
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on common, transverse elevation (Fig. ID). Inner tissue around buccal 
cavity with short sclerotized support forming 4 minute posteriorly di-
rected lobes in lateral view, not visible in all specimens. A pair of small 
lateral amphids present. Esophagus distinctly divided into usually short-
er anterior muscular and longer posterior glandular sections. Muscular 
esophagus almost cylindrical. Glandular esophagus slightly broader than 
muscular esophagus, its posterior part somewhat undulating in gravid 
females; posterior end of glandular esophagus narrowed. Length ratio 
of both portions of esophagus 1 :0.8-2. I. Nerve ring situated near mid-
dle of muscular oesophagus. Excretory pore somewhat posterior to level 
of nerve ring. Deirids not observed. Intestine straight, narrow, light-
colored. Tail of both sexes sharply pointed. 
Male (10 specimens, measurements of holotype in parentheses): 
Length of body 3.72-5.52 (5.52) mm, maximum width 37-60 (51). 
Length of peribuccal sclerotized support 3 (3), width 9 (9). Muscular 
esophagus 222-394 (326) long, with maximum width 12 (12). Glan-
dular esophagus 345-748 (699) long, maximum width 24 (24). Length 
ratio of both parts of esophagus 1: 1.1-2.1 (1 :2. I). Nerve ring and ex-
cretory pore 150-159 (150) and 230-267 (230), respectively, from an-
terior extremity in specimens longer than 4.2 mm. Posterior end of body 
conical, provided with broad, membranous caudal alae somewhat nar-
rowed in region between first and second thirds of tail. Caudal papillae: 
1 pair of precloacal subventral sessile papillae situated short distance 
anterior to cloacal aperture (not found in smaller specimens) and 3-4 
pairs of postcloacal pedunculate papillae supporting caudal alae; first 
pair of pedunculate papillae at region of cloacal aperture (usually slight-
ly posterior to it, but may be at level of cloacal aperture in small spec-
imens), second pair somewhat posterior to mid-length of tail, third pair 
(not visible in all specimens) short distance posterior to second pair, 
and fourth pair near tail tip. Some papillae visible with difficulties under 
light microscope. Spicules short, 16-21 (16) long, well sclerotized. V-
shaped sclerotized formation (copulatory plate) 6-17 (6) long present, 
being formed by altered anterior wall of cloaca. Slightly outlined gub-
ernaculumlike formation seems to be present (Fig. IE, I). Tail 135-153 
(153) long, with sharply pointed tip. 
Female (11 gravid specimens; measurements of allotype in paren-
theses, those of a young female in brackets): Length of body 9.50-
17.00 (15.65) [7.46] mm, maximum width 80-109 (109) [54]. Length 
of peribuccal sclerotized support 3 (3) [3], width 12 (12) [12]. Length 
of muscular esophagus 418-577 (422) [394], width 24-36 (33) [16]; 
length of glandular esuphagus 402-787 (639) [423], with maximum 
width 45-48 (45) [24]. Length ratio of both parts of esophagus 1:0.8-
1.8 (1:1.5) [1:1.1]. Nerve ring and excretory pore 102-184 (184) [167] 
and 238-243 (243) [190], respectively, from anterior extremity. Vulva 
distinctly elevated (Fig. IH) [nonelevated in young specimen], 1.81-
3.16 (2.88) [1.81] mm from anterior extremity (at 18-24 (18) [24] % 
of body length). Vagina short, directed posteriorly from vulva. Mono-
delphic. Uterus containing eggs and gradually developing larvae in an-
terior direction. Ovary long, extending posteriorly nearly to end of in-
testine. Rectum a narrow hyaline tube. Small spherical unicellular rectal 
glands present. Tail conical, 75-78 (78) [not measured] long, with 
sharply pointed tip. 
Taxonomic summary 
Type host: Brazilian flathead Percophis brasiliensis Quoy et Gaimard 
(Perciformes: Percophidae). 
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FIGURE 1. Moravecia argentinensis n. sp. (A) Anterior end of gravid female, lateral view. (B) Anterior part of body of young female, lateral 
view. (C) Cephalic end, lateral view. (D) Cephalic end, apical view (reconstructed from SEM micrographs). (E) Cloacal region of male, lateral 
view. (F) Posterior end of gravid female, lateral view. (G) Same, smaller magnification. (H) Vulva of gravid female, lateral view. (I, J) Copulatory 
plate and spicules, sublateral and ventral views. (K) Region of vulva in gravid female, lateral view. (L) Tail of smaller male without visible 
preanal and third postanal pairs of papillae, ventral view. (M, N) Tail of larger male, lateral and ventral views. Bars = 100 jJ.m (A, B, F, G, and 
K), 30 jJ.m (C, H, and L-N), 10 jJ.m (D), and 20 jJ.m (E, I, and J). 
Site of infection: Blood vessels (particularly those of the liver) and 
body cavity. 
Type locality: Mar del Plata, Argentina (38°08'S-5r32'W). 
Prevalence and intensity: 46.67% and 2.36 (l.48), respectively. 
Etymology: The specific name is derived from the country where this 
species was recorded, i.e., Argentina. 
Deposition of types: Holotype (male), allotype (female) and 6 para-
types (3 males and 3 females) (catalog no. N-861) in the Helminthol-
ogical Collection of the Institute of Parasitology, ASCR, in Ceske Bu-
dejovice; 9 paratypes (4 males and 5 females) (catalog no. N-5623) in 
the Helminthological Collection of the Museo de La Plata (CHMLP), 
La Plata, Argentina. 
Remarks 
In having no buccal capsule, the esophagus divided into an anterior 
muscular and a posterior glandular portions, paired male genital papil-
lae, spicules, a monodelphic female genital tract, and a well-developed 
vulva situated in the anterior part of the body, these nematodes belong 
to the Guyanemidae Petter, 1974 (Dracunculoidea Cameron, 1934), as 
recently rediagnosed by Moravec (2006). According to the newly pro-
posed classification system of the Dracunculoidea by Moravec (2006), 
the Guyanemidae includes 4 genera: Guyanema Petter, 1974; Histodytes 
Aragort, Alvarez, Inglesias, Leiro et Sanmartin, 2002; Moravecia Ribu 
et Lester, 2004; and Pseudodelphis Adamson et Roth, 1990. 
Species of Pseudodelphis and Histodytes differ from nematodes from 
Argentine flathead fishes mainly in the absence of male caudal alae and 
in more numerous pairs of genital papillae; moreover, the female genital 
system in Histodytes is reported to be didelphic (Adamson and Roth 
1990; Aragort et aI., 2002; Brugni and Viozzi, 2006). Guyanema spp. 
possess broad caudal alae in the male, but these species have a vulva 
(at the level of oesophagus) positioned more anteriorly as well as nu-
merous preanal and postanal papillae and long spicules; the genus in-
cludes parasites of Neotropical freshwater fishes (Petter, 1974, 1987; 
Petter and Dlouhy, 1985; Moravec et aI., 1993a, 1993b, 1996; Moravec, 
1998). 
The morphology of the new species from P. brasiliensis is most 
similar to Moravecia australiensis Ribu et Lester, 2004, a histozoic 
parasite of the marine tetraodontiform fish, Tragulichthys jaculiferus 
(Cuvier), in Australia (Ribu and Lester, 2004). The structure of the 
cephalic end, however, seems to be similar, e.g., both species possess 
transverse, dorsal, and ventral, cephalic elevations; in addition, both 
species resemble each other by having a transversely striated cuticle, 
by the structure of the esophagus, the absence of deirids, the position 
of the elevated vulva, the shape of the male tail, the presence of broad 
caudal alae, by only a few pairs of male genital papillae and their 
distribution, short spicules, and so on. The hosts of both species are 
marine teleosts. Because the features differentiating these 2 forms are 
rather interspecific than intergeneric, the new species is placed in "!o-
ravecia. 
Moravecia argentinensis sp. n. differs from the only other congeneric 
species, M. australiensis, mainly in the length ratio of the muscular and 
glandular parts of the esophagus (approximately 1:1-2 vs. 1:5-9), more 
numerous genital papillae, a more posterior vulva in relation to the 
esophagus end, more numerous cephalic papillae (14 vs. 6), and the 
presence of a sclerotized copulatory plate. However, it is necessary to 
note that cephalic papillae can be studied only by SEM in these fine-
structured nematodes. The poor quality of too SEM micrographs of the 
cephalic end of M. australiensis provided by Ribu and Lester (2004) 
suggests that their data on the number of cephalic papillae in this spe-
cies may be inaccurate. 
A remarkable feature of M. argentinensis is the presence of a small, 
V-shaped sclerotized structure (copulatory plate), formed by a modified 
anterior ventral wall of the cloaca, in addition to markedly short spic-
ules. Such a copulatory plate is known to occur in species of some 
genera of the related Skrjabillanidae Shigin et Shigina, 1958 (Skrjabil-
lanus Shigin et Shigina, 1958; Molnaria Moravec, 1968) (Shigin and 
Shigina, 1958; Molnar, 1966; Moravec, 1968, 1994; Tikhomirova and 
Rudometova, 1975; Molnar and Moravec, 1997), Daniconematidae Mo-
ravec et KlZIie, 1987 (Mexiconema Moravec, Vidal et Salgado-Maldon-
ado, 1992) (Moravec et aI., 1992), and Lucionematidae Moravec, Mol-
nar et Szekely, 1998 (Lucionema Moravec, Molnar et Szekely, 1998) 
(Moravec et al., 1998); the structure of the copulatory plate has recently 
been studied in detail by Sokolov (2003). However, in contrast to M. 
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argentinensis, spicules in species of Daniconematidae, Lucionematidae, 
and Skrjabillanidae are lacking, and their function is replaced by a cop-
ulatory plate (Moravec, 2006). This is the first report of the copulatory 
plate in a species of Guyanemidae in which, moreover, spicules are also 
present. Although the copulatory plate has not been reported for M. 
australiensis, its presence cannot be excluded. Ribu and Lester (2004) 
only mention that "cloaca protrudes from body surface, with ornamen-
tation on its posterior wall." 
By the shape of male caudal alae and the distribution of genital pa-
pillae, M. argentinensis somewhat resembles Esocinema bohemicum 
Moravec, 1977 of the monotypic Esocinema Moravec, 1977 (Skrjabil-
lanidae) (see Moravec, 1977). However, the latter has a well-developed 
buccal capsule, the vulva is at the level of glandular esophagus, spicules 
are absent, and it is a swim bladder parasite of a freshwater pike, Esox 
lucius L., in Europe. 
The life cycles of Moravecia spp., as those of all other species of 
Guyanemidae, are unknown. It can only be assumed that they involve 
some ectoparasitic crustaceans of fish as an intermediate host, similarly 
to those in species of the related Daniconematidae and Skrjabillanidae, 
where branchiurids (Argulus spp.) were found to be intermediate hosts 
in some species of Mexiconema, Molnaria and Skrjabillanus (see Mo-
ravec, 2004). 
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SEVEN NEW YORKERIA SPECIES (CESTODA: TETRAPHVLLlDEA) FROM BORNEO AND 
AUSTRALIA AND THEIR IMPLICATIONS FOR IDENTIFICATION OF CHILOSCYLLIUM 
(ELASMOBRANCHII: ORECTOLOBIFORMES) SPECIES 
J. N. Caira, K. Jensen*, and Chandrika Rajan 
Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, Connecticut 06269-3043. e-mail: janine.caira@uconn.edu 
ABSTRACT: New material of Yorkeria Southwell, 1927, collected from Chiloscyllium Muller & Henle species, i.e., bamboo sharks, 
from Malaysian Borneo and eastern Australia was found to include specimens that appear to be consistent with, and thus allow 
redescription of, the poorly characterized type of the genus, Yorkeria parva Southwell, 1927, as well as 7 new species of 
tetraphyllidean cestodes from the genus Yorkeria. Discovered in Borneo were Y. parva and Yorkeria teeveeyi n. sp. from Chi-
loscyllium indicum (Gmelin), Yorkeria garneri n. sp. from Chiloscyllium hasselti Bleeker, Yorkeria pusillulus n. sp., Yorkeria 
saliputium n. sp., and Yorkeria yubodohensis n. sp. from Chiloscyllium punctatum Muller & Henle. In Australia, a shark species 
tentatively identified as Chiloscyllium cf. punctatum was found to host Yorkeria izardi n. sp. and Yorkeria longstaffae n. sp. 
Three of the new species resemble Yorkeria kelleyae Caira & Tracy, 2002, described from sharks identified as C. punctatum in 
Thailand, in their possession of medial and lateral hooks that are approximately equal in length. All 3 can be distinguished from 
Y. kelleyae, however, in their possession of vitelline follicles that are not interrupted at the level of the ovary; they differ from 
one another in that 1 is hyperapolytic (Y. saliputium n. sp.), and the other 2 possess round (Y. pusillulus n. sp.) versus tapered 
(Y. longstaffae n. sp.) bothridia. Among species with medial and lateral hooks that are conspicuously unequal in length, only Y. 
izardi n. sp. possesses bothridia that taper posteriorly and almost completely overlap the cephalic peduncle, stopping just short 
of its posterior margin. Yorkeria garneri n. sp. is distinctive in its possession of mature proglottids that are only slightly longer 
than wide, rather than distinctly longer than wide. Particularly notable is Y. teeveeyi n. sp., which bears a stobila on which 2-3 
of the subterminal proglottids are consistently more mature than the terminal proglottid. Yorkeria yubodohensis n. sp. most closely 
resembles Y. parva, differing in the pattern of microtriches seen on its scolex, and also in its possession of relatively fewer 
proglottids. This brings the total number of Yorkeria species described worldwide to 12. The host associations of these cestodes 
raise questions about the conspecificity of bamboo shark specimens identified as C. punctatum in Thailand, Borneo, and Australia, 
since individuals in each of these 3 regions appear to host distinctive, nonoverlapping Yorkeria faunas. A key to the 12 known 
species of Yorkeria is provided. 
Originally erected for Yorkeria parva Southwell, 1927, taken 
from the Slender bamboo shark Chiloscyllium indicum (Gme-
lin), in Twynams Paar, Sri Lanka, Yorkeria Southwell, 1927, 
now includes a total of 5 species. In addition to the type species, 
these are Yorkeria southwelli Deshmukh, 1979, from Gingly-
mostoma concolor (Ruppell) (=Nebrius ferrugineus [Lesson]) 
in India; Yorkeria chiloscyllii Shinde, Mohekar, & Jadhav, 
1986, from Chiloscyllium griseum Muller & Henle in India; 
and, most recently, Yorkeria hilli Caira & Tracy, 2002, and 
Yorkeria kelleyae Caira & Tracy, 2002, from sharks identified 
as Chiloscyllium punctatum Muller & Henle in Thailand. Only 
Y. parva has been reported since its original description. How-
ever, these reports differ from Southwell (1927) in some of !he 
morphological details they describe (e.g., Southwell, 1930; Baer 
and Euzet, 1962) and, in addition, several reports are based on 
material taken from host species other than the type host (e.g., 
Subhapradha, 1955) from localities relatively distant from the 
type locality (e.g., Williams, 1964). Given the limitations of the 
original description of Southwell (1927) and the poor condition 
of existing type material (see Caira aneJ ,Tracy, 2002), the iden-
tity of Y. parva remains confused. 
The present study attempts to clarify the identity of Y. parva 
based on new collections from the type host, C. indicum. In 
addition, diversity in Yorkeria is explored through examination 
of cestode material collected from species of Chiloscyllium 
Muller & Henle that have not previously been examined for 
Yorkeria. The sharks examined here were collected in the South 
Received 6 December 2005; revised 21 June 2006; accepted 5 Sep-
tember 2006. 
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China Sea off the island of Borneo and from the eastern Pacific 
Ocean off Australia. 
MATERIALS AND METHODS 
All specimens of Chiloscyllium examined from Borneo were collect-
ed in April through June of 2002, 2003, and 2004. These sharks con-
sisted of 3 females and 1 male of C. indicum landed in Mukah, Sarawak, 
Malaysia (02°54'N, 112°06'E), as well as 4 females and 3 males of C. 
punctatum, 1 female and 1 male of Chiloscyllium hasselti Bleeker also 
from Mukah, and 1 female of C. hasselti from Sematan, Sarawak, Ma-
laysia (01°48'N, 109°46'E). Hosts examined also included 2 females 
and 3 males of Chiloscyllium cf. punctatum collected off Yorkey's Knob 
and landed in Cairns, Queensland, Australia (16°49'S, 145°43'E) in No-
vember of 1991 and 4 July 2002. Spiral intestines were removed and 
opened with a longitudinal incision. In each case, a sample of worms 
was immediately removed and fixed in 10% formalin buffered in sea-
water. All spiral intestines were fixed for 1-4 wk in 10% formalin 
buffered in seawater and transferred to 70% ethanol for storage. Worms 
were subsequently removed and processed as described below. 
Cestodes prepared as whole mounts were transferred to distilled wa-
ter, stained in Delafield's hematoxylin, dehydrated in a graded ethanol 
serie~, cleared in methyl salicylate, and mounted on glass slides, under 
coverslips, in Canada balsam. Measurements were taken using a Leica 
DFC320 digital camera mounted on a Zeiss Axioskop 2 using the image 
analysis software OpeuLab Demo 4.0.4. Measurements are given as 
ranges in the text; mean, standard deviation, number of specimens ex-
amined, and number of measurements taken are given in Table I. All 
measurements are in micrometers unless otherwise indicated. Illustra-
tions were done with the aid of a drawing tube. Hook length was mea-
sured from the tip of the base to the greatest height in the curvature of 
the hook. Hook width was measured, along a line perpendicular to hook 
length, from the tip of the prong to the widest point of the curvature 
of the hook. 
Histological sections of proglottids of 2 species were prepared ac-
cording to the following conventional techniques. Proglottids were em-
bedded in paraplast or paraffin and sectioned at 8-j.Lm intervals using 
an Olympus CUT4060 retracting rotary microtome. Sections were 
mounted on glass slides flooded with 2.5% sodium silicate and dried 
on a slide warmer for 4-8 hr. Sections were stained with Gill's hema-
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TABLE I. Measurements of Yorke ria species treated. * 
w 
01 
OJ 
Y. izardi n. sp. --I y. parva Y. teeveeyi Y. garneri Y. yubodohensis Y. pusillulus Y. saliputiumn Y. longstaffae I m 
Character Southwell, 1927 n. sp. n. sp. n. sp. n. sp. n. sp. Complete worm Free proglottid n. sp. '-0 
c 
Total length :0 z 
(mm) 7.8 :!: 1.3; 9 6.9 :!: 1.3; 8 5.7 :!: 0.4; 2 5.2 :!: 1.0; 14 1.6 :!: 0.4; 8 2.1 :!: 0.4; 12 7 :!: 1.9; 7 N/A 1.8 :!: 0.5; 3 » ,---
Total no. pro- 0 'Tl 
glottids 49:!: 10; 9 35 :!: 2; 8 47 :!: 9; 3 32 :!: 7; 13 8 :!: 1; 9 76:!: 17; 12 47 :!: 17; 7 N/A 19 :!: 3; 3 "0 » 
Bothridium :0 » 
length 368 :!: 28; 9; 17 317 :!: 35; 8; 16 416 :!: 29; 3; 6 346 :!: 38; 15; 26 216 :!: 20; 11; 19 167 :!: 16; 12; 23 474 :!: 35; 8; 16 N/A 309 :!: 21; 3; 6 (j) =i 
Anterior re- O ,---
gion locu- 0 G') 
Ius width 257 :!: 14; 8; 16 252,:!: 14; 8; 16 257 :!: 20; 3; 6 252 :!: 21; 15; 29 179 :!: 12; 9; 17 114 :!: 5; 12; 24 233 :!: 22; 8; 15 N/A 157 :!: 9; 3; 5 --< 
< 
Posthook loc- 0 
,---
ulus length 251 :!: 27; 10; 18 200 :!: 24; 8; 16 259 :!: 23;3; 6 219 :!: 27; 14; 27 130 :!: 15; 11; 19 113 :!: 11; 12; 23 365 :!: 43; 8; 16 N/A 211 :!: 26; 3; 6 to 
Posthook loc- _w 
ulus width 313 :!: 26; 10; 21 291 :!: 20; 8; 16 313 :!: 29; 3; 6 286 :!: 24; 13; 25 166 :!: 14; 9; 14 120 :!: 7; 12; 24 226 :!: 22; 7; 12 N/A 176 :!: 12; 3; 6 z 9 
Pedicel length 315 :!: 141; 11; 22 250 :!: 41; 8; 16 308 :!: 38; 3; 6 269 :!: 52; 12; 21 177 :!: 22; 3; 4 81 :!: 11; 12; 24 253 :!: 43; 8; 15 N/A 220:!: 8; 3; 4 !'V 
Pedicel width 149 :!: 37; 11; 21 125 :!: 9; 8; 16 113 :!: 15; 3; 6 127 :!: 25; 13; 25 68 :!: 5; 7; 12 73 :!: 6; 12; 24 123 :!: 12; 8; 16 N/A 88 :!: 13; 3; 6 » 
"0 
Cephalic pe- ~ ,---
duncle I\) 0 
length 427 :!: 81; 9 354:!: 70; 8 213 :!:' 14; 3 334 :!: 80; 12 90:!: 12; 7 104 :!: 13; 12 287 :!: 63.; 8 N/A 117:!:5;3 0 -..J 
Cephalic pe-
duncle 
width 74 :!: 31; 12 162 :!: 15; 8 166 :!: 26; 3 138 :!: 11; 11 99 :!: 7.8; 5 81 :!: 7; 12 120 :!: 11; 8 N/A 116 :!: 12; 3 
Medial hook 
length 241 :!: 11; 13; 26 233 :!: 8; 8; 16 256 :!: 12; 3; 6 223 :!: 10; 15; 30 114 :!: 6; 11; 21 100 :!: 4; 12; 24 202 :!: 11; 8; 14 N/A 131 :!: 3; 3; 6 
Medial hook 
width 149 :!: 11; 13; 26 143 :!: 8; 8; 16 166 :!: 10; 3; 6 142 :!: 10; 15; 30 79 :!: 8; 11; 20 65 :!: 5; 12; 24 121 :!: 19; 8; 14 N/A 83 :!: 8; 3; 6 
Lateral hook 
length 93 :!: 18; 13; 25 80 :!: 5; 8; 16 102 :!: 8; 3; 6 86 :!: 6; 15; 30 80:!: 9; 10; 19 64 :!: 4; 12; 24 91 :!: 7; 8; 16 N/A 86 :!: 7; 3; 6 
Lateral hook 
width 63 :!: 15; 13; 25 62 :!: 6; 8; 16 72 :!: 6; 3; 6 62 :!: 6; 15; 30 59 :!: 7; 9; 18 34:!: 5; 12; 24 62 :!: 12; 8; 16 N/A 47 :!: 8; 3; 6 
No. mature 
proglottids 2.4 :!: 1.6; 9 0.5 :!: 0.9; 8 2 :!: 1.4; 2 2.3 :!: 1; 15 0.3 :!: 0.5; 8 0 1.7 :!: 1.1; 7 N/A 0.7 :!: 0.6; 3 
Most mature 
proglottid 
length 874 :!: 159; 8 1,218 :!: 138; 2 479 :!: 12; 2 830 :!: 146; 14 796 :!: 275; 2 103 :!: 15; 1211 872 :!: 215; 7 2,890 :!: 168; 3 540 :!: 4; 2 
• Most mature 
proglottid 
width 333 :!: 44; 8 N/A 304 :!: 90; 2 230 :!: 47; 13 146 :!: 17; 2 46 :!: 7; 1211 188 :!: 32; 6 657 :!: 67; 3 212 :!: 10; 2 
Proglottid 
length: 
width ratio 2.6: 1 :!: 0.4; 8 4.1:1 :!: 0.7; 9 1.7:1 :!: 0.5; 2 3.7:1 :!: 0.7; 13 5.4: 1 :!: 1.3; 2 2.3 :!: 0.1; 3§ 4.9: 1 :!: 1.5; 6 4.4: 1 :!: 0.2; 3 2.6:1 :!: 0.1; 2 
Total no. tes-
tes 67 :!: 7; 8; 11 66 :!: 16; 6; 13 69 :!: 5; 2; 3 59 :!: 7; 12; 28 55 :!: 2; 2; 3 19 :!: 1; 3§ 69 :!: 11; 4; 8 73 :!: 4; 3 49 :!: 7; 3; 5 
Testis length 26 :!: 6; 8; 24 23 :!: 2; 2; 6 15 :!: I; 3; 9 25 :!: 6; 12; 42 17 :!: 5; 2; 6 29 :!: 7; 3; 9§ 22 :!: 5; 5; 15 70:!: 12; 3; 9 19 :!: 3; 2; 6 
Testis width 47 :!: 6; 8; 24 38 :!: 6; I; 3 34 :!: 9; 3; 9 38 :!: 8; 14; 42 28 :!: 4; 2; 6 54 :!: 11; 3; 9§ 29 :!: 9; 5; 15 86 :!: 11; 3; 9 25 :!: 2; 2; 6 
Cirrus sac 
length 138 :!: 13; 8; 12 131 :!: 19; 1; 2 136:!: 17; 2 111:!:23;14 64 :!: 2; 2 76 :!: 16; 3§ 85 :!: 15; 4 235 :!: 12; 3 76 :!: 11; 2 
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toxylin and eosin, cleared in xylene, and mounted on glass slides, under 
coverslips, in Canada balsam. 
Scolices of 1-2 specimens of all 8 Yorke ria species, as well as 2 
mature detached proglottids of the hyperapolytic species parasitizing C. 
punctatum in Borneo, were prepared for examination with scanning 
electron microscopy (SEM). Specimens were transferred to distilled wa-
ter, then transferred to 1.5% osmium tetroxide overnight, dehydrated in 
a graded ethanol series, and placed in hexamethyldisilizane (HMDS, 
Ted Pella Inc., Redding, California) for 15 min. They were allowed to 
air dry and were subsequently mounted on carbon tape and grounded 
with carbon paint on aluminum stubs. Specimens were. sputter-coated 
with -30-45 nm of gold/palladium and examined with a LEO/Zeiss 
DSM 982 Gemini field emission scanning electron microscope. Owing 
to the limited amount of available material of the small species de-
scribed from C. cf. punctatum in Australia, 1 whole mounted specimen 
was removed from a slide by soaking in methyl salicylate overnight. 
The specimen was subsequently transferred through 3 changes in methyl 
salicylate followed by 3 changes in 100% ethanol prior to the procedure 
for preparation of SEM specimens described above. 
Host identifications generally follow Compagno (2001). However, at 
the recommendation of G. Yearsley and P. Last of CSIRO in Tasmania 
(pers. comm.), the bamboo sharks from Borneo that were generally 
morphologically consistent with C. punctatum were identified as this 
species, despite the fact that Compagno (2001) did not include Borneo 
in the known distribution of C. punctatum. Also at the recommendation 
of G. Yearsley and P. Last, Australian specimens traditionally identified 
as C. punctatum (see Last and Stevens, 1994) were considered here to 
represent a species distinct from C. punctatum and are thus referred to 
as Chiloscyllium cf. punctatum until such time as this shark species can 
be more fully studied and described. 
Museum abbreviations used are as follows: BMNH, the Natural His-
tory Museum, London, United Kingdom; LRP, Lawrence R. Penner 
Parasitology Collection, University of Connecticut, Storrs, Connecticut; 
MZUM(P), Muzium Zoologi, Universiti Malaya, Kuala Lumpur, Ma-
laysia; QM, Queensland Museum, Brisbane, Queensland, Australia; 
SAMA, South Australian Museum, Adelaide, South Australia, Austra-
lia; SBC, Sarawak Biodiversity Center, Kuching, Sarawak, Malaysia; 
USNPC, United States National Parasite Collection, Beltsville, Mary-
land. 
DESCRIPTIONS 
Yorkeria parva Southwell, 1927, redescription 
(Figs. 1-5, 11-16) 
Description (based on type material consisting of 3 scolices and 1 
immature worm, whole mounts of 8 vouchers and 2 scolices prepared 
for SEM): Worms euapolytic, 5.7-9.9 mm long; 39-65 proglottids per 
worm. Scolex consisting of cephalic peduncle and 2 pairs of bothridia, 
each pair borne on a pedicel. Bothridia fused in back-to-back pairs, 
330-428 long; each bothridium with specialized anterior region in form 
of shallow loculus, 1 pair of unipronged hooks, and undivided posthook 
loculus. Anterior region loculus 236--278 wide. Posthook loculus 202-
320 long, 274-379 wide. Pedicels 175-622 long, 74-204 wide. Ce-
phalic peduncle 321-587 long, 119-215 wide. Scolex with 4 conspic-
uous coiled muscle bundles, each bundle extending from antero-axial 
proximal surface of bothridium through pedicel to posterior margin of 
peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-lateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks conspicuously dissimilar in length. Medial hook with more 
flattened curve than lateral hook, 218-268 long, 132-175 wide; lateral 
hook 72-125 long, 44-88 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 12). Distal surface of posthook loculus covered with moderately 
long filitriches and lingulate spinitriches (Fig. 13). Proximal bothridial 
surfaces covered with relatively short filitriches and gladiate spinitriches 
(Fig. 15). Pedicels covered with moderately long filitriches and spathate 
spinitriches (Fig. 16). Cephalic peduncle covered with long filitriches 
and gladiate spinitriches (Fig. 14) somewhat smaller than those on the 
proximal bothridial surface. Spathate spinitriches of pedicels conspic-
uously wider than gladiate spinitriches on proximal bothridial surfaces 
and cephalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
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coming longer than wide with maturity. Anterior regions of proglottids 
covered with spinitriches. Mature proglottids 1-5 in number, 71l-1,1l6 
long, 263-416 wide; mature proglottid length to width ratio 2.1-3.5:1. 
Testes 57-84 in number, 18-37 long, 36--60 wide, 1 layer deep, in 
4-5 irregular preporal columns, extending from near anterior margin of 
proglottid to level of genital pore; postporal testes usually absent (1 
worm with 1 postporal testis). Cirrus sac piriform, 1l5-155 long, 44-
82 wide, containing coiled cirrus; cirrus armed with spinitriches. Vas 
deferens medial, coiled, at anterior-medial margin of cirrus sac, entering 
proximal end of cirrus sac. Internal and external seminal vesicles lack-
ing. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid, 67-132 long, 95-159 wide, H-shaped in frontal 
view with ovarian bridge approaching anterior margin of ovary, tetra-
lobed in cross section; ovarian margins lobulated; anterior margin of 
ovary 27-42% of proglottid length from posterior end of proglottid. 
Genital pores lateral, irregularly alternating, 43-60% from posterior 
margin of proglottid. Genital atrium shallow. Vagina sinuous, extending 
anteriorly from ootype region along midline of proglottid, then laterally 
along anterior margin of cirrus sac, opening anterior to cirrus sac into 
common genital atrium. Vitelline follicles lateral, 7-19 long, 18-54 
wide, in 2 dorsal and 2 ventral columns; columns extending from ap-
proximately fourth row of testes to posterior margin of proglottid, in-
terrupted ventrally by vagina and partially by cirrus sac, uninterrupted 
by ovary; follicles in posterior half of proglottid conspicuously wider 
than those in anterior half. Uterus extending from anterior margin of 
ovary to near anterior margin of cirrus sac, ventral to vagina; uterine 
duct sinuous, ventral, extending anteriorly along midline of proglottid, 
entering uterus at anterior margin. Excretory ducts 4. Eggs not ob-
served. 
Taxonomic summary 
Type host: Chiloscyllium indicum (Gmelin, 1788) (Elasmobranchii: 
Hemiscylliidae), Slender bamboo shark. 
Additional verified hosts: None. 
Type locality: Twynams Paar, Pearl Banks, Sri Lanka. 
Additional localities: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 112°06'E). 
Site of infection: Spiral intestine. 
Specimens examined and/or deposited: Types (3 scolices and 1 im-
mature worm) (BMNH Nos. 2002.6.24.1-2): 4 vouchers from South-
well (1930) (BMNH Nos. 2002.6.24.3-6), 3 vouchers (LRP Nos. 4000-
4002), 3 vouchers (USNPC No. 99221-99222), 1 voucher (SBC No. 
C-00011), 1 voucher (MZUM[P)) No. 535. Specimens prepared for 
SEM retained at the University of Connecticut. 
Remarks 
The selection of material on which to base a redescription of Y. pa7"va 
was somewhat problematic. The original description of Southwell 
(1927) came solely from 1 immature specimen and 3 scolices. As a 
consequence, he was unable to provide details of proglottid anatomy 
and provided only limited information on scolex and overall strobilar 
morphology. As noted by Caira and Tracy (2002), Southwell's type 
material is in very poor condition and alone is insufficient to allow 
effective redescription of the species. Examination of the voucher spec-
imens of Southwell (1930), which also co~t.ituted the material exam-
ined by Baer and Euzet (1962), proved to be similarly unhelpful with 
respect to information on proglottid anatomy since they too are in poor 
condition. These slides include 3 mature and 1 immature specimen that 
are somewhat macerated and weakly stained. 
Recent collections from Malaysian Borneo provided new material of 
Yorkeria of possible candidacy for a redescription of Y. parva since it 
was collected from the type host, relatively near the type locality. Two 
species of Yorkeria were found parasitizing these sharks. Both species 
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were consistent with the original description of Y. parva in several 
respects. For example, both species possess round bothridia that gen-
erally conform to the bothridial and hook sizes of Y. parva provided by 
Southwell (1927). The 2 species conspicuously differ from one another, 
however, in the pattern of development of proglottids along the length 
of the strobila. Whereas 1 species exhibits the typical onchobothriid 
developmental pattern of proglottids becoming gradually more elongate 
and mature along the length of the strobila, the other species exhibits 
terminal 1-2 proglottids that are much shorter and conspicuously less 
mature than the subterminal 2-3 proglottids. Although immature, the 
single strobila among the type material of Y. parva shows no evidence 
of the latter developmental pattern, nor do any of the 4 specimens in 
the material of Southwell (1930). Thus, the redescription of Y. parva 
presented here is based on the type series and specimens collected from 
C. indicum in Borneo exhibiting the more typical pattern of proglottid 
development. The Bornean specimens exhibiting the unusual pattern of 
proglottid development comprise the type series of Y orkeria teeveeyi n. 
sp. described below. In general, our measurements of Y. parva are con-
sistent with those provided by Southwell (1927). The few exceptions 
are as follows. He reported a proglottid length of 400 and width of 200 
and a total worm length of -5 mm; the proglottid length reported here 
is 71l-1,1l6, the width is 263-416, and the total worm length 5.7-9.9 
mm. Since the type material includes no mature proglottids, his mea-
surements of these features have been excluded from the redescription 
presented here, which treats mature proglottids. Southwell (1927) re-
ported a testes number of 45; the number reported here is 57-84. This 
number is consistent with the testes number (70) reported by Baer and 
Euzet (1962). Because testes are not visible in any of the 4 type spec-
imens, the source of this number is uncertain and thus we have not 
included Southwell's testes number in the redescription. In addition, the 
bothridial length he reported was 270, but the length reported here was 
330-428. Given the configuration and orientation of the hooks and the 
anterior region loculus in Yorkeria, we believe this difference likely 
represents a difference of interpretation, rather than a difference in the 
worms themselves. Finally, whereas Southwell (1927) reported a 
"neck" length of 100, the length of the cephalic peduncle in the re-
description provided here is 321-587. All 4 of the type specimens are 
conspicuously contracted, and thus we have interpreted this as an arti-
fact of the contracted state of the type material. 
Several additional authors have treated Y. parva. However, in all of 
these cases the specimens were collected from hosts other than the type 
host and from localities distant from the type locality. Because mor-
phological differences also appear to exist, the conspecificity of these 
specimens with Y. parva is questionable. The redescription of Y. parva 
in Subhapradha (1955) was based on material collected from Chilos-
cyllium griseum in India. We were unable to locate her specimens; how-
ever, her description differs from the original description of Y. parva in 
a number of important respects, most conspicuously in total length (12-
16 vs. 5 mm). In fact, the scolex illustration provided by Subhapradha 
(1955; fig. 43a) very much resembles a scolex illustration provided by 
Shinde et al. (1986; fig. 1B) for Y. chiloscyllii, also collected from C. 
griseum in India. At this time, it seems best to refrain from including 
information provided by Subhapradha in the redescription of Y. parva. 
Examination of specimens collected from C. griseum would be partic-
ularly informative in helping to resolve the identity of Subhapradha's 
material. 
Williams (1964) reported specimens he provisionally identified as Y. 
parva from Hemiscyllium punctatum [sic] from Australia, noting the 
possibility, however, that species other than Y. parva might occur in 
Australian waters. Examination of Williams' specimens (SAMA No. 
V1062) leads us to believe that he was correct in questioning the con-
specificity of his material with Y. parva. His specimens possess bothrid-
ia that are more elongate and triangular in outline, with longer pedicels, 
and a cirrus sac that is conspicuously larger than seen in Y. parva. In 
addition, whereas the vitelline follicles of Y. parva begin well short of 
FIGURES 1-5. Line drawings of Yorkeria parva Southwell, 1927. (1) Scolex. (2) Lateral hook. (3) Medial hook. (4) Mature proglottid, ventral 
view. (5) Whole worm. 
FIGURES 6-10. Line drawings of Yorkeria teeveeyi n. sp. (6) Scolex. (7) Lateral hook. (8) Medial hook. (9) Mature proglottid, ventral view. 
(10) Whole worm. 
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FIGURES 11 - 16. Scanning electron micrographs of Yorkeria parva Southwell , 1927. ( 11 ) Scolex. Numbers indicate where Figures 12- 16 were 
taken. (12) Di stal surface of anterior region. (13) Di stal surface of post hook loculus. (14) Cephalic peduncle surface. ( I S) Prox imal bothridial 
surface. (16) Pedice l surface. Scale bars: Figure II = 100 j.l.m; Figures 12- 16 = 2 j.l.m . 
FIGURES 17- 22. Scanning electron micrographs of Yorke ria teeveeyi n. sp. (17) Scolex . Numbers indicate where Figure 18- 22 were taken. 
(18) Distal surface of anterior region. (19) Distal surface of posthook loculus. (20) Cephalic peduncle surface. (21) Prox imal bothridial surface. 
(22) Pedicel surface. Sca le bars: Figure 17 = 100 j.l.m ; Figures 18- 22 = 2 j.l.m. 
• 
the anterior margin of the proglottid and extend to the posterior margin 
of the proglottid, the vitelline follicles in his material extend from the 
anterior margin of the proglottid to the posterior margin of the ovary. 
It is our hope that the above redescription will provide some stability 
to the identity of Y. parva. This is the first complete description of the 
scolex and mature proglottids of this species and is also the first de-
scription of its scolex microtriches. 
Yorkeria teeveeyi n. sp. 
(Figs. 6-10, 17-22) 
Description (based on whole mounts of 8 worms and 2 scolices pre-
paredfor SEM): Worms euapolytic, 5.2-8.6 mm long, 32-38 proglottids 
per worm. Scolex consisting of cephalic peduncle and 2 pairs of bo-
thridia, each pair borne on a pedicel. Bothridia fused in back-to-back 
pairs, 262-383 long; each bothridium with specialized anterior region 
in form of shallow loculus, 1 pair of unipronged hooks, and undivided 
posthook loculus. Specialized anterior region loculus 226-276 wide. 
Posthook loculus 148-235 long, 252-327 wide. Pedicels 195-347 long, 
108-140 wide. Cephalic peduncle 270-434 long, 141-192 wide. Scolex 
with 4 conspicuous coiled muscle bundles, each bundle extending from 
antero-axial proximal surface of bothridium through pedicle to posterior 
margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-Iateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks conspicuously dissimilar in length. Medial hook with more 
flattened curve than lateral hook, 219-248 long, 122-158 wide; lateral 
hook 70-87 long, 48-72 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 18). Distal surface of posthook loculus covered with moderately 
long filitriches and lingulate spinitriches (Fig. 19). Proximal bothridial 
surfaces covered with relatively short filitriches and gladiate spinitriches 
(Fig. 21). Pedicels covered with moderately long filitriches and spathate 
spinitriches (Fig. 22). Cephalic peduncle covered with long filitriches 
and gladiate spinitriches (Fig. 20) somewhat smaller than those on prox-
imal bothridial surfaces. Spathate spinitriches of pedicels conspicuously 
wider than gladiate spinitriches on proximal bothridial surfaces and ce-
phalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Terminal 1-2 proglottids usu-
ally conspicuously less mature than preceding 2-3 proglottids. Anterior 
regions of proglottids covered with spinitriches; mature proglottids 0-
2 in number; most mature 1,120-1,315 long, 269 wide; mature pro-
glottid length to width ratio 4.9: 1. Testes 43-88 in number, 20-25 long, 
31-42 wide, 1 layer deep, in 4-5 irregular preporal columns, extending 
from near anterior margin of proglottid to posterior margin of cirrus 
sac; postporal testes usually absent (l worm with 1 postporal testis) 
(Fig. 9). Cirrus sac piriform, 117-144 long, 60-66 wide, containing 
coiled cirrus; cirrus armed with spinitriches. Vas deferens medjal, 
coiled, at anterior-medial margin of cirrus sac, entering proximal end 
of cirrus sac. Internal and external seminal vesicles lacking. 
Ovary generally in middle third of proglottid, 83-96 long, 108-109 
wide, inverted U-shaped in ventral view, H-shaped in dorsal view, te-
tralobed in cross section; ovarian margins lobulated; anterior margin of 
ovary 42% of proglottid length from posterior end of proglottid. Genital 
pores lateral, irregularly alternating, 58-64% from posterior margin of 
proglottid. Genital atrium shallow. Vagina weakly sinuous, extending 
anteriorly from ootype region along midline"of proglottid, then laterally 
along anterior margin of cirrus sac, opening anterior to cirrus sac into 
common genital atrium. Vitelline follicles lateral, in 2 dorsal and 2 
ventral columns, 8-16 long, 26-31 wide; columns extending from ap-
proximately sixth row of testes to posterior margin of proglottid, inter-
rupted ventrally by vagina and cirrus sac, uninterrupted by ovary; fol-
licles in posterior half of proglottid inconspicuously wider than those 
in anterior half. Uterus extending from anterior margin of ovary to near 
anterior margin of cirrus sac, ventral to vagina; uterine duct sinuous, 
ventral, extending anteriorly along midline of proglottid, entering uterus 
at anterior margin. Excretory ducts 4. Eggs not observed. 
Taxonomic summary 
Type host: Chiloscyllium indicum (Gmelin, 1788) (Elasmobranchii; 
Hemiscylliidae), Slender bamboo shark. 
Additional verified hosts: None. 
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Type locality: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 1 12°06'E). 
Additional localities: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (MZUM[P] No. 542); 2 paratypes 
(MZUM[P] No. 543-544), 2 paratypes (LRP Nos. 4009-4010), 2 para-
types (USNPC No. 99226), I paratype (SBC No. C-00010). Specimens 
prepared for SEM retained at the University of Connecticut. 
Etymology: This species is named in honor of Dr. T. Y. Rajan, in 
recognition of his support and encouragement of the third author's in-
terest in science. 
Remarks 
Yorkeria teeveeyi n. sp. is easily distinguished from Y. kelleyae in 
that its medial and lateral hooks differ conspicuously in length and in 
its possession of a greater number of proglottids (32-38 vs. 4-8). York-
eria teeveeyi n. sp. is longer (5.2-8.6 vs. 2.2-5 mm) and possesses a 
greater number of prog1ottids (32-38 vs. 13-19) than Y. hilli. It pos-
sesses fewer testes (43-88 vs. 90-95) and smaller medial (219-248 vs. 
380) and lateral hooks (70-87 vs. 190) than Y. southwelli as described 
by Deshmukh (1979). It also possesses smaller medial (219-248 vs. 
410-470) and lateral (70-87 vs. 100-150) hooks than Y. chiloscyllii as 
described by Shinde et al. (1986). Yorke ria teeveeyi n. sp. most closely 
resembles Y. parva but can be distinguished from the latter species in 
that it possesses longer mature proglottids (1,120-1,315 vs. 711-1,016) 
and exhibits an ovary that is U- rather than H-shaped in ventral view. 
In addition, Y. teeveeyi differs from Y. parva and all other known spe-
cies of Yorke ria in that its ovary is in the middle, rather than in the 
posterior third of the proglottid, and in that it exhibits a very unusual 
pattern of proglottid development. All 8 specimens of Y. teeveeyi in our 
possession bear a strobila on which the most mature proglottid is not 
the terminal proglottid; in all cases, the terminal 1-2 proglottids are 
conspicuously less mature and shorter than the 2-3 proglottids that im-
mediately precede them. 
Yorkeria garner; n. sp. 
(Figs. 23-27, 33-38) 
Description (based on whole mounts of 3 worms and 1 specimen 
prepared for SEM): Worms euapolytic, 5.4-6 mm long; 39-57 pro-
glottids per worm. Scolex consisting of cephalic peduncle and 2 pairs 
of bothridia, each pair borne on a pedicel. Bothridia fused in back-to-
back pairs, 372-456 long; each bothridium with specialized anterior 
region in form of shallow loculus, 1 pair of unipronged hooks, and 
undivided posthook loculus. Specialized anterior region loculus 226-
276 wide. Posthook loculus 237-296 long, 268-346 wide. Pedicels 
269-359 long, 94-134 wide. Cephalic peduncle 198-226 long, 142-
193 wide. Scolex with 4 conspicuous coiled muscle bundles, each bun-
dle extending from antero-axial proximal surface of bothridium through 
pedicel to posterior margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-lateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks conspicuously dissimilar in length. Medial hook similar 
in curvature to lateral hook, 239-273 long, 158-185 wide; lateral hook 
87-110 long, 63-79 wide. 
Distal surface of anterior region of loculus covered with short fili-
triches (Fig. 34). Distal surface of posthook loculus covered with mod-
erately short filitriches and lingulate spinitriches (Fig. 35). Proximal 
bothridial surfaces covered with relatively short filitriches and relatively 
short gladiate spinitriches (Fig. 37). Pedicels covered with moderately 
long filitriches and spathate spinitriches (Fig. 38). Cephalic peduncle 
covered with moderately long filitriches and spathate spinitriches (Fig. 
36). Spathate spinitriches of pedicels conspicuously wider than the glad-
iate spinitriches on proximal bothridial surfaces and cephalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming slightly longer than wide with maturity. Anterior regions of 
terminal proglottids covered with spinitriches. Terminal proglottid most 
mature proglottid on strobila. Mature proglottids 1-3 in number, 470-
487 long, 240-367 wide; mature proglottid length to width ratio 1.3-
2:1. Testes 64-73 in number, 14-17 long, 24-51 wide, 1 layer deep, in 
6-7 irregular preporal columns, extending from near anterior margin of 
proglottid to posterior margin of cirrus sac; postporal testes absent. Cir-
rus sac piriform, 124-148 long, 45-46 wide, containing coiled cirrus; 
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cirrus armed with spinitriches. Vas deferens medial, coiled, at anterior-
medial margin of cirrus sac, entering proximal end of cirrus sac. Internal 
and external seminal vesicles lacking. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid, 86-92 long, 91-121 wide, H-shaped in frontal 
view with ovarian bridge near middle of ovary, tetralobed in cross sec-
tion; ovarian margins lobulated; anterior margin of ovary 35-41 % of 
proglottid length from posterior end of proglottid. Genital pores lateral, 
irregularly alternating, 54-61 % from posterior margin of proglottid. 
Genital atrium shallow. Vagina sinuous, extending anteriorly from oo-
type region along midline of proglottid, then laterally along anterior 
margin of cirrus sac, opening anterior to cirrus sac in common genital 
atrium. Vitelline follicles lateral, 5-12 long, 11-28 wide, in 2-3 dorsal 
and 2-3 ventral columns; columns extending from approximately fourth 
row of testes to posterior margin of proglottid, interrupted ventrally by 
vagina and cirrus sac, uninterrupted by ovary; follicles of approximately 
equal width throughout length of proglottid. Uterus extending from an-
terior margin of ovary to anterior margin of cirrus sac, ventral to vagina; 
uterine duct sinuous, ventral, extending anteriorly along midline of pro-
glottid, entering uterus at anterior margin. Excretory ducts 4. Eggs not 
observed. 
Taxonomic summary 
Type host: Chiloscyllium hasselti Bleeker, 1852 (Elasmobranchii; 
Hemiscylliidae), Indonesian bamboo shark. 
Additional verified hosts: None. 
Type locality: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 112°06'E). 
Additional localities: South China Sea off Sematan, Sarawak, Ma-
laysia (Ol048'N, 109°46'E). 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (MZUM[P] No. 541); 1 paratype 
(LRP No. 4008), 1 paratype (USNPC No. 99225). Specimen prepared 
for SEM retained at the University of Connecticut. 
Etymology: This species is named for Christopher Garner for his 
continuous support of all scientific pursuits, especially those of the third 
author. 
Remarks 
Yorkeria garneri is unique among its congeners in possessing pro-
glottids that are only slightly longer than they are wide (proglottid 
length/width ratio of 1.3-2 vs. 2.1-3.5, 4.7, 4.7, 3.4-8.9, 5-16.3, and 
4.9 in Y. parva, Y. southwelli, Y. chiloscyllii, Y. hilli, Y. kelleyae, and 
Y. teeveeyi, respectively). It can further be distinguished from Y. kel-
leyae in its possession of medial hooks that are conspicuously longer 
than the lateral hooks. It is longer than Y. hilli (5.4-6 vs. 2.2-5 mm), 
shorter than Y. chiloscyllii (5.4-6 vs. 8 mm), and possesses fewer testes 
than Y. southwelli (64-73 vs. 90-95). Unlike Y. teeveeyi, Y. gameri 
exhibits the normal pattern of development of proglottids along the 
length of the strobila and an ovary that is in the posterior third, rather 
than middle third, of the proglottid. In addition, Y. garneri possesses a 
shorter cephalic peduncle than both Y. parva and Y. teeveeyi (198-226 
vs. 321-587 and 270-434, respectively). 
Yorkeria yubodohensis n. sp. 
(Figs. 28-32, 39-4,.4) 
Description (based on whole mounts of 15 worms and 2 scolices 
prepared for SEM): Worms euapolytic, 3.7-7.8 mm long; 22-43 pro-
glottids per worm. Scolex consisting of cephalic peduncle and 2 pairs 
of bothridia, each pair borne on a pedicel. Bothridia fused in back-to-
back pairs, 295-422 long; each bothridium with specialized anterior 
region in form of shallow loculus, 1 pair of unipronged hooks, and 
undivided posthook loculus. Specialized anterior region loculus 221-
294 wide. Posthook loculus 174-271 long, 237-349 wide. Pedicels 
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172-418 long, 86-183 wide. Cephalic peduncle 245-535 long, 110-
148 wide. Scolex with 4 conspicuous coiled muscle bundles, each bun-
dle extending from antero-axial proximal surface of bothridium through 
pedicle to posterior margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-Iateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks conspicuously dissimilar in length. Medial hook with more 
flattened curve than lateral hook, 205-241 long, 121-163 wide; lateral 
hook 74-98 long, 49-74 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 40). Distal surface of posthook loculus covered with moderately 
elongate filitriches and lingulate spinitriches (Fig. 41). Proximal both-
ridial surfaces covered with relatively long filitriches and gladiate spin-
itriches (Fig. 43). Pedicels covered with moderately long filitriches and 
spathate spinitriches (Fig. 44). Cephalic peduncle covered with long 
filitriches and spathate spinitriches (Fig. 42). Spathate spinitriches of 
pedicels conspicuously longer and wider than gladiate spinitriches on 
proximal bothridial surfaces and cephalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Anterior margins of terminal 
proglottids covered with spinitriches. Terminal proglottid most mature 
proglottid on strobila. Mature proglottids 0-4 in number; terminal pro-
glottid 680-1,231 long, 173-339 wide; mature proglottid length to 
width ratio 2.5-5.8:1. Testes 49-72 in number, 14-38 long, 23-55 wide, 
1 layer deep, in 3-4 irregular preporal columns, extending from anterior 
margin of proglottid to posterior margin of cirrus sac; postporal testes 
absent. Cirrus sac piriform, 77-144 long, 43-75 wide, containing coiled 
cirrus; cirrus armed with small spinitriches. Vas deferens medial, coiled, 
at anterior-medial margin of cirrus sac, entering proximal end of cirrus 
sac. Internal and external seminal vesicles lacking. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid, 58-104 long, 62-135 wide, inverted U-shaped in 
ventral view, H-shaped in dorsal view, tetralobed in cross section; ovar-
ian margins lobulated; anterior margin of ovary 23-39% of proglottid 
length from posterior end of proglottid. Genital pores lateral, irregularly 
alternating, 39-57% from posterior margin of proglottid. Genital atrium 
shallow. Vagina sinuous, extending anteriorly from ootype region along 
midline of proglottid, then laterally along anterior margin of cirrus sac, 
opening anterior to cirrus sac into common genital atrium. Vitelline 
follicles lateral, 5-20 long, 12-45 wide, in 2 dorsal and 2 ventral col-
umns; columns extending from approximately third row of testes to 
posterior margin of proglottid, interrupted ventrally by vagina and cirrus 
sac, uninterrupted by ovary; follicles of posterior half of proglottid con-
spicuously wider than those in anterior half. Uterus extending from 
anterior margin of ovary to midlevel of cirrus sac, ventral to vagina; 
uterine duct sinuous, ventral, extending anteriorly along midline of pro-
glottid, entering uterus at anterior margin. Excretory ducts 4. Eggs not 
observed. 
Taxonomic summary 
Type host: Chiloscyllium punctatum Muller & Henle, 1838 (Elas-
mobranchii; Hemiscylliidae), Brownbanded bamboo shark. 
Additional verified hosts: None. 
Type locality: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 112°06'E). 
Additional localities.: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (MZUM[P] No. 530); 4 paratypes 
(MZUM[P] No. 531-534), 4 paratypes (LRP Nos. 3996-3999), 5 para-
types (USNPC No. 99217-99220), 1 paratype (SBC No. C-00008). 
Specimens prepared for SEM retained at the University of Connecticut. 
Etymology: This species is named for the Malaysian common name 
of the type host, i.e., "yu bodoh" or "stupid shark." 
FIGURES 23-27. Line drawings of Yorkeria garneri n. sp. (23) Scolex. (24) Lateral hook. (25) Medial hook. (26) Mature proglottid, dorsal 
view. (27) Whole worm. 
FIGURES 28-32. Line drawings of Yorkeria yubodohensis n. sp. (28) Scolex. (29) Lateral hook. (30) Medial hook. (31) Mature proglottid, 
ventral view. (32) Whole worm. 
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FIGURES 33- 38. Scanning electron micrographs of Yorke ria garneri n. sp. (33) Bothridium and pedicel. Numbers indicate w here Figures 34-
38 were taken; note that only I of 2 bOlhrid ial pairs is shown. (34) Distal surface of anterior region. (35) Distal urface o f posLhook loculus. (36) 
Cephalic peduncle surface. (37) Prox imal bothridial sur face. (38) Pedicel surface. Scale bar s: Figure 33 = 100 tJ.m ; Figures 34- 38 = 2 tJ.m. 
FIG RES 39-44. Scanning electron micrographs of Yorkeria yubodoi1ensis n. sp. (39) Scolex. umbers indicate where Figures 40- 44 were 
taken. (40) Distal surface of anterior region. (4 1) Distal surface of posthook loculus. (42) ephalic peduncle surface. (43) Prox imal bothridial 
urface. (44) Pedice l surface. Scale bars: Figure 39 = 100 tJ.m ; Figures 40- 44 = 2 tJ.m . 
Remarks 
Yorkeria yubodohensis n. sp. possesses a greater number of proglot-
tids than both Y. kelleyae and Y. hilli (22-43 vs. 4-8 and 13-19, re-
spectively), and, unlike Y. kelleyae, also possesses medial hooks that 
are conspicuously longer than the lateral hooks. It can further be dis-
tinguished from Y. hilli in possessing a shorter ovary (58-104 vs. 117-
152). It possesses fewer testes than Y. southwelli (49-72 vs. 90-95). 
The terminal proglottids of Y. yubodohensis n. sp., unlike those of Y. 
teeveeyi, are the most mature proglottids on the strobila, and the ovary 
of Y. yubodohensis is located in the posterior third, rather than the 
middle third, of the proglottid. Y orkeria yubodohensis n. sp. is a shorter 
worm (3.7-7.7 vs. 8 mm) and possesses smaller medial (205-241 vs. 
410-470) and lateral hooks (74-98 vs. 100-150) than Y. chiloscyllii. It 
differs from Y. gameri in its possession of mature proglottids that are 
much longer than they are wide (2.5-5.8:1 vs. 1.3-2:1). When examined 
with light microscopy, Y. yubodohensis most closely resembles Y. par-
va. However, it differs substantially from the latter species when ex-
amined with SEM. For example, the gladiate spinitriches on the prox-
imal bothridial surfaces of Y. yubodohensis are less than half the size 
of those seen in Y. parva (Fig. 43 vs. Fig. 15), and in addition, the 
gladiate spinitriches on the cephalic peduncle of Y. yubodohensis n. sp. 
are wider than those seen in Y. parva (Fig. 42 vs. Fig. 14). Distinguish-
ing these 2 species with light microscopy is somewhat challenging. In 
general, Y. yubodohensis possesses fewer proglottids (22-43 vs. 39-65) 
that are more elongate (length to width ratio of 2.5-5.8:1 vs. 2.1-3.5: 
1) than those of Y. parva. It also appears that the vas deferens is more 
extensive in Y. yubodoensis than it is in Y. parva. 
Yorkeria pusillulus n. sp. 
(Figs. 45-49, 55-60) 
Description (based on whole mounts of 2 mature, 6 immature, 3 
incomplete worms, and 2 specimens prepared for SEM): Worms eu-
apolytic, 1.2-2.2 mm long; 7-9 proglottids per worm. Scolex consisting 
of cephalic peduncle and 2 pairs of botbridia, each pair borne on a 
pedicel. Botbridia fused in back-to-back pairs, 197-272 long; each bo-
tbridium with specialized anterior region in form of shallow loculus. 
One pair of unipronged hooks, and undivided posthook loculus. Spe-
cialized anterior region loculus 166-207 wide. Posthook loculus 100-
157 long, 152-190 wide. Pedicels 158-207 long, 57-77 wide. Cephalic 
peduncle 73-104 long, 92-111 wide. Scolex with 4 conspicuous coiled 
muscle bundles, each bundle extending from antero-axial proximal sur-
face of bothridium through pedicel to posterior margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-lateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks relatively similar in length. Medial hook similar in cur-
vature to lateral hook, 100-122 long, 59-87 wide. Lateral hook 62-90 
long, 45-71 wide. 
Distal surface of anterior region loculus covered with relatively sflort 
filitriches (Fig. 56). Distal surface of posthook loculus covered with 
moderately elongate filitriches and lingulate spinitriches (Fig. 57). Prox-
imal bothridial surfaces covered with relatively long filitriches and rel-
atively elongate slightly aristate spathate spinitriches (Fig. 59). Pedicels 
covered with moderately long filitriches and spathate slightly aristate 
spinitriches (Fig. 60). Cephalic peduncle covered with long filitriches 
and densely packed aristate gladiate spinitriches (Fig. 58). Spathate 
spinitriches of pedicels conspicuously lon~ and wider than gladiate 
spinitriches on proximal botbridial surfaces and cephalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Anterior margins of terminal 
proglottids covered with spinitriches. Terminal proglottid most mature 
proglottid on strobila. Mature proglottids 0-1 in number, 601-990 long, 
134-158 wide; mature proglottid length to width ratio 4.5-6.3:1. Testes 
53-56 in number, 12-24 long, 24-33 wide, 1 layer deep, in 3-4 irreg-
ular preporal columns, extending from anterior margin of proglottid to 
posterior margin of cirrus sac; postporal testes absent. Cirrus sac oval, 
62-65 long, 36-51 wide, containing coiled cirrus; cirrus spinitriches not 
seen. Vas deferens medial, coiled, at anterior-medial margin of cirrus 
sac, entering proximal end of cirrus sac. Internal and external seminal 
vesicles lacking. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid, 50-77 long, 69-72 wide, inverted U-shaped in 
ventral view, H-shaped in dorsal view, tetralobed in cross section; ovar-
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ian margins lobulated; anterior margin of ovary 32% of proglottid 
length from posterior end of proglottid. Genital pores lateral, irregularly 
alternating; 54% from posterior margin of proglottid. Genital atrium 
shallow. Vagina weakly sinuous at base, extending anteriorly from oo-
type region along midline of proglottid, then laterally along anterior 
margin of cirrus sac, opening anterior to cirrus sac into common genital 
atrium. Vitelline follicles lateral, in 2 dorsal and 2 ventral columns, 5-
11 long, 12-21 wide; columns extending from approximately second 
row of testes to near posterior margin of proglottid, interrupted ventrally 
by vagina and cirrus sac, uninterrupted by ovary; follicles of posterior 
half of proglottid slightly wider than those in anterior half. Uterus ex-
tending from anterior margin of ovary to midlevel of cirrus sac, ventral 
to vagina; uterine duct not seen. Excretory ducts 4. Eggs not observed. 
Taxonomic summary 
Type host: Chiloscyllium punctatum MUller & Henle, 1838 (Elas-
mobranchii; Hemiscylliidae), Brownbanded bamboo shark. 
Additional verified hosts: None. 
Type locality: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 112°06'E). 
Additional localities: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (MZUM[P] No. 528); 1 paratype 
(MZUM[P] No. 529), 4 paratypes (LRP Nos. 3992-3995), 4 paratypes 
(USNPC No. 99216), 1 paratype (SBC No. C-00007). Specimens pre-
pared for SEM retained at the University of Connecticut. 
Etymology: The name of this species comes from the Latin pusillulus, 
meaning "very small." 
Remarks 
Yorkeria pusillulus n. sp. is among the smallest of the known York-
eria species. It is shorter (1.1-2.2 vs. 2.2-5, 3.7-7.7, 5.2-8.6, 5.4-6, 
5.7-9.9, 8, and 8 mm) and possesses fewer proglottids (7-9 vs. 13-19, 
22-43, 32-38, 39-57, 39-65, 30-40, and 30-40) than Y. hilli, Y. yu-
bodohensis, Y. teeveeyi, Y. gameri, Y. parva, Y. chiloscyllii, and Y. 
southwelli, respectively. It is also readily distinguished from all species 
except Y. kelleyae in its possession of medial and lateral hooks that are 
approximately similar in length relative to one another, rather than con-
spicuously dissimilar in size. Yorke ria pusillulus n. sp. differs from Y. 
kelleyae in that its vitelline follicles are not interrupted at the level of 
the ovary, its proglottids are generally less elongate, e.g., terminal pro-
glottid length to width ratio 4.5-6.3:1 versus 5-16.3:1, and in that its 
cirrus sac is oval rather than piriform with a slight posterior dip. 
Yorkeria saliputium n. sp. 
(Figs. 50-54, 61-68) 
Description (based on whole mounts of 12 worms, 3 free proglottids, 
and 2 scolices and 2 free proglottids prepared for SEM): Worms hy-
perapolytic, 1.4-2.8 mm long; 48-104 proglottids per worm. Scolex 
consisting of cephalic peduncle and 2 pairs of bothridia, each pair borne 
on a pedicel. Bothridia fused in back-to-back pairs, 135-194 long; each 
bothridium with specialized anterior region in form of shallow loculus, 
1 pair of unipronged hooks, and undivided posthook loculus. Special-
ized .anterior region loculus 107-122 wide. Posthook loculus 93-143 
long, 108-135 wide. Pedicels 59-99 long, 64-87 wide. Cephalic pe-
duncle 67-121 long, 73-96 wide. Scolex with 4 conspicuous coiled 
muscle bundles, each bundle extending from antero-axial proximal sur-
face of bothridium through pedicel to posterior margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-lateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks of similar length and curvature. Medial hook 92-107 long, 
55-76 wide; lateral hook 57-70 long, 27-43 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 63). Distal surface of posthook loculus covered with moderately 
elongate filitriches and lingulate spinitriches (Fig. 64). Proximal both-
ridial surfaces covered with relatively long filitriches and gladiate spin-
itriches (Fig. 66). Pedicels covered with elongate filitriches and broadly 
spathate spinitriches (Fig. 67). Cephalic peduncle covered with rela-
tively long filitriches and spathate spinitriches (Fig. 65). Spathate spin-
itriches of pedicels conspicuously wider than gladiate spinitriches on 
proximal botbridial surfaces and cephalic peduncle. Surfaces of anterior 
368 THE JOURNAL OF PARASITOLOGY. VOl. 93. NO. 2. APRIL 2007 
51 50 Jim 52 
54 
half of free proglottids covered with long filitriches and gladiate aristate 
spinitriches (Figs. 61, 68). 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Anterior half of posterior pro-
glottids covered with spinitriches. Terminal proglottid conspicuously 
immature, 85-140 long, 38-63 wide. Free proglottids (2 mature and 1 
gravid) 523-643 long, 153-296 wide; proglottid length to width ratio 
2.2-2.4:1. Testes 18-20 in number, 21-43 long, 39-72 wide, I layer 
deep, in 2 irregular preporal columns, extending from anterior margin 
of proglottid to anterior margin of cirrus sac; postvaginal testes absent. 
Cirrus sac oval, 60-92 long, 38-69 wide, containing coiled cirrus; cirrus 
armed with spinitriches. Vas deferens medial, coiled, at anterior-medial 
margin of cirrus sac, entering proximal end of cirrus sac. Internal and 
external seminal vesicles lacking. 
Ovary in posterior third of proglottid, stopping short of posterior 
margin of proglottid, 82-119 long, 88-128 wide, inverted U-shape in 
ventral view, H-shaped in dorsal view, tetralobed in cross section; dorsal 
lobes extending anterior to ovarian bridge; ovary margins follicular; 
anterior margin of ovary 42-45% of proglottid length from posterior 
end of proglottid. Genital pores lateral, irregularly alternating, 50-61 % 
from posterior margin of proglottid. Genital atrium shallow. Vagina sin-
uous, extending anteriorly from ootype region along midline of pro-
glottid, then laterally along anterior margin of cirrus sac, opening an-
terior to cirrus sac into common genital atrium. Vitelline follicles lateral, 
in 2 dorsal and 2 ventral columns; 9-28 long, 12-52 wide, columns 
extending from anterior third of proglottid to near posterior margin of 
proglottid, interrupted ventrally by vagina and cirrus sac, uninterrupted 
by ovary; follicles of posterior half of proglottid approximately as wide 
as those in anterior half. Uterus extending from anterior margin of ovary 
to midlevel of cirrus sac, ventral to vagina; uterine duct sinuous, ventral, 
extending anteriorly along midline of proglottid, entering uterus at an-
terior margin. Excretory ducts 4. 
Taxonomic summary 
Type host: Chiloscyllium punctatum Muller & Henle, 1838 (Elas-
mobranchii; Hemiscylliidae), Brownbanded bamboo shark. 
Additional verified hosts: None. 
Type locality: South China Sea off Mukah, Sarawak, Malaysia 
(02°54'N, 112°06'E). 
Additional localities: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (MZUM[P] No. 536); 4 paratypes (3 
worms and 1 free proglottid) (MZUM[P] No. 537-540),4 paratypes (3 
worms and 1 free proglottid) (LRP Nos. 4004-4007), 5 paratypes (4 
worms and 1 free proglottid) (USNPC No. 99224), 1 paratype (SBC 
No. C-00009). Specimens prepared for SEM retained at the University 
of Connecticut. • 
Etymology: The name of this species comes from saliputium, the 
Latin for "manikin" or "little man." 
Remarks 
Yorkeria saliputium n. sp. is unique among Yorkeria species in being 
hyperapolytic rather than euapolytic; no evidence of internal organs was 
seen in any of the proglottids on the strobi1a of the 12 specimens that 
comprise the type series of this species. It differs further from all of its 
congeners except Y. kelleyae and Y. pusillulus in possessing hooks that 
are relatively similar, rather than conspicuously dissimilar in size. How-
ever, Yorkeria saliputium n. sp. is readily distinguished from both Y. 
kelleyae and Y. pusillulus in its possession of a much greater number 
of proglottids on the strobila (42-104 vs. 4-8 and 7-9, respectively). 
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Yorkeria izardi n. sp. 
(Figs. 69-73, 79-84) 
Description (based on whole mounts of 7 complete and 1 incomplete 
worm, 3 free proglottids, and 3 scolices prepared for SEM): Worms 
euapolytic, 5.1-10.2 mm long; 28-72 proglottids per worm. Scolex con-
sisting of cephalic peduncle and 2 pairs of bothridia, each pair borne 
on a pedicel. Bothridia fused in back-to-back pairs, 411-547 long; each 
bothridium with specialized anterior region in form of shallow loculus, 
1 pair of unipronged hooks, and undivided posthook loculus. Special-
ized anterior region loculus 195-261 wide. Posthook loculus 281-433 
long, 193-266 wide. Pedicels 189-365 long, 99-140 wide. Cephalic 
peduncle 224-402 long, 107-137 wide. Scolex with 4 conspicuous 
coiled muscle bundles, each bundle extending from antero-axial prox-
imal surface of bothridium through pedicel to posterior margin of pe-
duncle. 
Hooks yellow, C-shaped, with bases embedded in postero-Iateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks conspicuously dissimilar in length. Medial hook similar 
in curvature to lateral hook, 185-218 long, 86-145 wide; lateral hook 
79-103 long, 38-79 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 80). Distal surface of posthook loculus covered with moderately 
elongate filitriches and lingulate spinitriches (Fig. 81). Proximal both-
ridial surfaces covered with elongate filitriches and elongate gladiate 
spinitriches (Fig. 83). Pedicels covered with elongate filitriches and 
broadly spathate spinitriches (Fig. 84). Cephalic peduncle covered with 
relatively long filitriches and spathate spinitriches (Fig. 82). Spathate 
spinitriches of pedicels conspicuously wider than gladiate spinitriches 
on proximal bothridial surfaces and cephalic peduncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Anterior regions of proglottids 
covered with spinitriches. Terminal proglottid most mature proglottid 
on strobila, 559-1,156 long, 142-237 wide; length to width ratio 2.7-
6.3:1. Spent proglottids 2.8-3.1 mm long, 605-732 wide; length to 
width ratio 4.2-4.7:1. Testes in mature proglottids 52-82 in number, 
15-29 long, 15-42 wide. Testes in spent proglottids 69-76 in number, 
54-90 long, 72-105 wide. Testes 1 layer deep, in 4-5 irregular preporal 
columns, extending from anterior margin of proglottid to middle of 
cirrus sac; postporal testes absent. Cirrus sac in mature proglottids 66-
99 long, 52-79 wide. Cirrus sac in spent proglottids 225-248 long, 156-
186 wide. Cirrus sac piriform, containing coiled cirrus; cirrus armed 
with spinitriches. Vas deferens medial, coiled, at anterior-medial margin 
of cirrus sac, entering proximal end of cirrus sac. Internal and external 
seminal vesicles lacking. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid. Ovary in mature proglottids 69-136 long, 67-78 
wide. Ovary in spent proglottids 294-430 long, 228-283 wide. Ovary 
inverted U-shaped in dorsal view, essentially H-shaped in ventral view, 
tetralobed in cross section; ovarian margins follicular. Anterior margin 
of ovary 23-52% of mature proglottid length from posterior end of 
proglottid; anterior margin of ovary 39-44% of spent proglottid length 
from posterior end of proglottid. Genital pores lateral, irregularly alter-
nating, 46-65% from posterior margin of mature proglottid; 59-69% 
from posterior margin of spent proglottid. Genital atrium shallow. Va-
gina sinuous, extending anteriorly from ootype region along midline of 
progfottid, then laterally along anterior margin of cirrus sac, opening 
anterior to cirrus sac into common genital atrium; vaginal sphincter 
present. Vitelline follicles lateral in 2 dorsal and 2 ventral columns; 
columns extending from near anterior margin of proglottid to posterior 
margin of proglottid, interrupted ventrally by vagina and cirrus sac, 
uninterrupted by ovary; follicles of posterior half of proglottid approx-
imately as wide as those in anterior half; follicles in mature proglottids 
8-22 long, 9-31 wide; follicles in spent proglottids 29-40 long, 47-96 
FIGURES 45-49. Line drawings of Yorke ria pusillulus n. sp. (45) Scolex. (46) Lateral hook. (47) Medial hook. (48) Mature proglottid, dorsal 
view. (49) Whole worm. 
FIGURES 50-54. Line drawings of Yorkeria saliputium n. sp. (50) Scolex. (51) Lateral hook. (52) Medial hook. (53) Mature free proglottid, 
ventral view. (54) Whole worm. 
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wide. Uterus extending from anterior margin of ovary to midlevel of 
cirrus sac, ventral to vagina; uterine duct sinuous, ventral, extending 
anteriorly along midline of proglottid, entering uterus at anterior margin. 
Excretory ducts 4. Eggs not observed. 
Taxonomic summary 
Type host: Chiloscyllium cf. punctatum (Elasmobranchii; Hemiscyl-
liidae), bamboo shark. 
Additional verified hosis: None. 
Type locality: Yorkey's Knob, off Cairns, Queensland, Australia 
(16°49'S, 145°43'E). 
Additional localities: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (QM No. G 227488); 4 paratypes (3 
worms and 1 free proglottid) (QM, No. G 227489-G 227492), 3 para-
types (2 worms and 1 free proglottid) (LRP Nos. 4011-4013), 3 para-
types (2 worms and 1 free proglottid) (USNPC No. 99227). Specimens 
prepared for SEM retained at the University of Connecticut. 
Etymology: This species is named for Bill Izard, captain of the FV 
Wizard, who, since 1991, has allowed the senior author to reap the 
benefits of his fishing expertise for the purposes of this, and related, 
studies. 
Remarks 
Among the 10 described species of Yorkeria, only Y. izardi n. sp. 
possesses bothridia that taper conspicuously posteriorly and that extend 
near to, rather than stop well short of, the posterior margin of the ce-
phalic peduncle. In addition, Y. izardi n. sp. is larger than Y. pusillulus, 
Y. saliputium, Y. kelleyae, and Y. hilli (5.1-10.2 vs. 1.1-2.2, 1.4-2.8, 
1.4-3.5, and 2.2-5, respectively). It further differs from Y. kelleyae, Y. 
pusillulus, and Y. saliputium in possessing medial hooks that are con-
spicuously longer than the lateral hooks. Yorkeria izardi n. sp. possesses 
fewer testes than Y. southwelli (52-82 in proglottids vs. 90-95) and 
smaller medial (185-218 vs. 410-470) and lateral hooks (79-103 vs. 
100-150) than Y. chiloscyllii. Unlike Y. teeveeyi, the terminal proglottid 
is the most mature proglottid on the strobila, and the ovary is located 
in the posterior third, rather than the middle third, of the proglottid in 
Y. izardi n. sp. The mature proglottids of Y. izardi are also generally 
more elongate (2.7-6.3:1 vs. 1.3-2:1) than those of Y. gameri, and the 
bothridia are longer than those of Y. yubodohensis (281-433 vs. 174-
271). 
It should be noted that the material of Yorkeria reported by Williams 
(1964) from H. punctatum near Heron Island, off Rockhampton, 
Queensland, Australia, does not appear to be conspecific with Y. izardi. 
Williams' material bears unusually long and slender bothridial pedicels 
and lacks the degree of tapering seen in the bothridia of Y. izardi. In 
addition, whereas the bothridia of Y. izardi n. sp. extend to near the 
posterior margin of the cephalic peduncle, the bothridia of Williams' 
species stop well short of the posterior margin of the cephalic peduncle. 
Williams' material appears to represent a distinct, as of yet undescribed, 
species of Yorkeria. 
Yorkeria longstaffae n. sp. 
(Figs. 74-78, 85-90) 
Description (based on whole mounts of 3 complete worms and 1 
scolex prepared for SEM): Worms euapolytit:: 1.5-2.4 mm long; 16--22 
proglottids per worm. Scolex consisting of cephalic peduncle and 2 
pairs of bothridia, each pair borne on a pedicel. Bothridia fused in back-
to-back pairs, 277-340 long; each bothridium with specialized anterior 
region in form of shallow loculus. One pair of unipronged hooks, and 
undivided posthook loculus. Specialized anterior region loculus, 148-
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169 wide. Posthook loculus 166-235 long, 158-189 wide. Pedicels 
209-229 long, 75-105 wide. Cephalic peduncle 111-120 long, 107-
129 wide. Scolex with 4 conspicuous coiled muscle bundles, each bun-
dle extending from antero-axial proximal surface of bothridium through 
pedicel to posterior margin of peduncle. 
Hooks yellow, C-shaped, with bases embedded in postero-Iateral mar-
gins of anterior region loculus; prongs directed anteriorly. Medial and 
lateral hooks of similar length and curvature. Medial hook 127-135 
long, 72-93 wide; lateral hook 80-95 long, 38-57 wide. 
Distal surface of anterior region loculus covered with short filitriches 
(Fig. 86). Distal surface of posthook loculus covered with moderately 
elongate filitriches and lingulate spinitriches (Fig. 87). Proximal both-
ridial surfaces covered with relatively short filitriches and elongate glad-
iate spinitriches (Fig. 89). Pedicels covered with elongate filitriches and 
broadly spathate spinitriches (Fig. 90). Cephalic peduncle covered with 
relatively long filitriches and spathate spinitriches (Fig. 88). Spathate 
spinitriches of pedicels conspicuously wider than those on cephalic pe-
duncle. 
Proglottids acraspedote. Immature proglottids wider than long, be-
coming longer than wide with maturity. Anterior regions of terminal 
proglottids covered with spinitriches. Terminal proglottid most mature 
proglottid on strobila. Mature proglottids 0-1 in number, 537-543 long, 
205-215 wide; mature proglottid length to width ratio 2.5-2.6:1. Testes 
43-60 in number, 14-24 long, 22-28 wide, 1 layer deep, in 4-5 irreg-
ular preporal columns, extending from anterior margin of proglottid to 
middle of cirrus sac; postporal testes absent. Cirrus sac piriform, 68-
83 long, 35-40 wide, containing coiled cirrus; cirrus armed with spin-
itriches. Vas deferens medial, coiled, at anterior-medial margin of cirrus 
sac, entering proximal end of cirrus sac. Internal and external seminal 
vesicles lacking. 
Ovary in posterior third of proglottid, stopping well short of posterior 
margin of proglottid, 62-66 long, 75-81 wide, H-shaped in frontal ven-
tral with ovarian bridge approaching anterior margin of ovary, tetra-
lobed in cross section; ovarian margins lobulated; anterior margin of 
ovary 33-41% of proglottid length from posterior end of proglottid. 
Genital pores lateral, irregularly alternating, 46-55% from posterior 
margin of proglottid. Genital atrium shallow. Vagina sinuous, extending 
anteriorly from ootype region along midline of proglottid, then laterally 
along anterior margin of cirrus sac, opening anterior to cirrus sac into 
common genital atrium. Vitelline follicles lateral, 7-12 long, 12-20 
wide, in 2 dorsal and 2 ventral columns; columns extending from an-
terior quarter of proglottid to posterior margin of proglottid, interrupted 
ventrally by vagina and cirrus sac, uninterrupted by ovary; follicles 
immediately posterior to cirrus sac on poral and aporal sides of pro-
glottid wider than those elsewhere. Uterus extending from anterior mar-
gin of ovary to midlevel of cirrus sac, ventral to vagina; uterine duct 
sinuous, ventral, extending anteriorly along midline of proglottid, en-
tering uterus at anterior margin. Excretory ducts 4. Eggs not observed. 
Taxonomic summary 
Type host: Chiloscyllium cf. punctatum (Elasmobranchii; Hemiscyl-
liidae), bamboo shark. 
Additional verified hosts: None. 
Type locality: Yorkey's Knob, off Cairns, Queensland, Australia 
(16°49'S, 145°43 'E). 
Additional localities: None. 
Site of infection: Spiral intestine. 
Specimens deposited: Holotype (QM No. G 227487); 1 paratype 
(LRP Nos. 4003), 1 paratype (USNPC No. 99223). Specimen prepared 
for SEM retained at the University of Connecticut. 
Etymology: This species is named for Kate Longstaff Christison-La-
FIGURES 55-60. Scanning electron micrographs of Yorkeria pusillulus n. sp. (55) Scolex. Numbers indicate where Figures 56--60 were taken. 
(56) Distal surface of anterior region. (57) Distal surface of posthook loculus. (58) Cephalic peduncle surface. (59) Proximal bothridial surface. 
(60) Pedicel surface. Scale bars: Figure 55 = 50 /-Lm; Figures 56--60 = 2 /-Lm. 
FIGURES 61-68. Scanning electron micrographs of Yorkeria saliputium n. sp. (61) Free proglottid. (62) Scolex. Numbers indicate where Figures 
63-68 were taken. (63) Distal surface of anterior region. (64) Distal surface of posthook loculus. (65) Cephalic peduncle surface. (66) Proximal 
bothridial surface. (67) Pedicel surface. (68) Enlarged view of anterior surface of free proglottid. Scale bars: Figures 61, 62 = 50 /-Lm; Figures 
63-68 = 2/-Lm. 
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gay for her invaluable assistance with the preparation of many of the 
whole mounts examined in this study. 
Remarks 
Yorkeria longstaffae n. sp. is among the smallest of known Yorkeria 
species, differing from Y. parva, Y. southwelli, Y. chiloscyllii, Y. teev-
eeyi, Y. garneri, Y. yubodohensis, Y. izardi, and, to a lesser extent, Y. 
hilli, in total length (1.5-2.4 mm vs. 5.7-9.9, 8, 8, 5.2-8.6, 5.4-6, 3.7-
7.7, 5.1-10.2, and 2.2-5, respectively). It further differs from each of 
these species in its possession of medial and lateral hooks that are sim-
ilar, rather than conspicuously unequal, in length. Yorkeria longstaffae 
n. sp. differs from Y. kelleyae and Y. pusillulus in its possession of 
proglottids that are much less elongate, e.g., length to width ratio 2.5-
2.6:1 versus 5-16.3 and 4.5-6.3, respectively. Yorkeria longstaffae fur-
ther differs from Y. pusillulus in its possession of a greater number of 
proglottids (16-22 vs. 7-9). Unlike Y. saliputium, Y. longstaffae is eu-
apolytic, rather than hyperapolytic. Yorkeria longstaffae joins Y. izardi 
as the only species of Yorkeria with bothridia that taper posteriorly. 
DISCUSSION 
Discovery of these new taxa brings the total number of de-
scribed species of Yorkeria to 12 and expands the geographic 
distribution of the genus to include the island of Borneo. York-
eria spp. are known from sites as far west as the Arabian Gulf 
and as far east as the western Pacific Ocean off the eastern 
coast of Australia. The results reported here bridge the gap be-
tween Thailand and Australia and lead us to suspect that bam-
boo sharks throughout the Malay Archipelago are likely to har-
bor species of Yorkeria. 
It now seems clear that species of Yorkeria exhibit hypera-
poly tic tendencies. The strobila of many of the species exam-
ined here were rarely found to include mature proglottids, and, 
if attached mature proglottids were seen, their numbers were 
small. Most dramatic was Y. saliputium, the strobila of which 
was never seen to bear proglottids exhibiting any evidence of 
reproductive organs. While spinitriches appear to be present on 
the anterior regions of the proglottids of all species of Yorkeria, 
those seen on the proglottids of Y. saliputium are more exten-
sive and particularly conspicuous. This resembles a condition 
seen in other hyperapolytic tetraphyllidean taxa such as Trilo-
cularia Olsson, 1867 (see Euzet, 1959). Also somewhat unusual 
is the strobila of Y. teeveeyi, which routinely bears 1-2 terminal 
proglottids that are less mature than those immediately preced-
ing them on the strobila. 
The overall pattern of microtriches seen on the scolices of 
the 7 species of Yorkeria examined here is consistent with that 
reported by Caira and Tracy (2002) for Y. kelleyae and Y. hilli. 
This includes filitriches, but not spinitriches, on the anterior 
region loculus of the bothridia, and spMlitriches on the distal 
posthook bothridial surface that are lingulate, while those on 
the proximal surfaces are gladiate, and those on the pedicels 
and stalks are broader and essentially more spathate in form. 
Nonetheless some intraspecific variation in microthrix form was 
also observed. This is nicely illustrated by a comparison of the 
size and, to a lesser extent, shape of the spinitriches in equiv-
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alent regions of the scolices of Y. pusillulus (Figs. 57-60) and 
Y. izardi (Figs. 81-84). 
The biogeography and taxonomy of bamboo sharks are cur-
rently relatively active areas of investigation. According to 
Compagno (1984) and Compagno and Niem (1998), no species 
of Chiloscyllium were known to inhabit the waters around the 
island of Borneo. These data were updated by Compagno 
(2001), who reported a total of 4 species of bamboo sharks (c. 
griseum, C. hasselti, and C. plagiosum [Bennett] as known, and 
C. indicum as suspected) from the island. Our recent survey of 
Malaysian Borneo, in collaboration with elasmobranch taxon-
omists P. Last and G. Yearsley, has resulted in the collection of 
multiple specimens that shed further light on the biogeography 
and taxonomy of Chilsocyllium species. For example, we were 
able to confirm the occurrence of C. indicum and C. hasselti in 
the inshore areas around Mukah in Sarawak, Malaysia. In ad-
dition, it is now clear that a fourth species of bamboo shark, 
C. punctatum, commonly occurs in this region. However, these 
specimens raise issues about the identity of C. puncta tum else-
where because they are morphologically inconsistent in a num-
ber of respects with specimens collected from a number of more 
distant geographic areas. For example, whereas pups of sharks 
from Borneo possess small, irregularly arranged black spots, 
those of individuals from Australia possess a distinctive pattern 
of alternating broad, dark and light transverse bars, only occa-
sionally accompanied by small black spots. These new obser-
vations, in combination with additional morphological and mo-
lecular data, and the fact that the type locality of C. punctatum 
is Java, have led G. Yearsley and P. Last (pers. comm.) to sug-
gest that, whereas the specimens found in Borneo should be 
referred to as C. punctatum, the Australian specimens, tradi-
tionally referred to as C. punctatum (see Last and Stevens, 
1994; Compagno, 2001), are more appropriately referred to as 
C. cf. punctatum until the specific identify of these sharks can 
be more completely investigated. 
As first proposed by Williams (1964), we believe Yorkeria 
species have the potential to provide a valuable independent 
source of information for addressing questions of host taxono-
my. The 3 sympatric species of Chiloscyllium inhabiting the 
coastal waters of Malaysian Borneo examined here, i.e., C. in-
dicum, C. hasselti, and C. punctatum, were found to host dis-
tinct, nonoverlapping Yorkeria faunas (see Table II). This would 
appear to suggest that the degree of host specificity exhibited 
by Yorkeria species is rather high, and thus so is their potential 
to serve as specific indicators of host identity. With respect to 
the conspecificity of sharks identified as "Chiloscyllium punc-
tatum" from Borneo.and Australia, the Yorkeria species faunas 
hosted by sharks from these 2 regions are remarkably dissimi-
lar; C. punctatum in Borneo was found to host Y. yubodohensis, 
Y. saliputium, and Y. pusillulus, whereas in Australia, C. cf. 
punctatum hosted Y. izardi and Y. longstaffae. These results 
lend support to the proposition of nonconspecificity of these 
FIGURES 69-73. Line drawings of Yorkeria izardi n. sp. (69) Scolex. (70) Lateral hook. (71) Medial hook. (72) Spent free proglottid, ventral 
view. (73) Whole worm; (a) anterior half; (b) posterior half. 
FIGURES 74-78. Line drawings of Yorkeria longstaffae n. sp. (74) Scolex. (75) Lateral hook. (76) Medial hook. (77) Mature proglottid, dorsal 
view. (78) Whole worm. 
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FIGURES 79-84. Scanning e lectron micrographs of Yorkeria i:ardi n. sp. (79) Scolex. Numbers indicate where Figs. 80-84 were taken. (80) 
Distal surface of anterior region. (81 ) Distal surface of posthook loculus. (82) Cephalic peduncle surface. (83) Proximal bothridial surface. (84) 
Pedicel surface. Sca le bars: Figure 79 = 100 lim; Figures 80-84 = 2 lim . 
FIGURES 85-90. Scanning electron micrograph of Yorke ria /ollgslajJae n. sp. (85) Scolex . umbers indicate where Figure 86-90 were taken. 
(86) Distal surface of al1lerior region. (87) Distal surface of post hook loculu . (88) Cephalic peduncle surface. (89) Prox imal bOlhridial surface. 
(90) Pedicel surface. Scale bars: Figure 85 = 100 lim; Figures 86-90 = 2 lim. 
shark based on di fference in pup co lor, etc., which has already 
been articulated. However, g iven the dispar ate geographies of 
these bamboo harks, it is of course also po sible that the di f-
ferences in the Yorkeria spp. faunas observed between these 2 
regions merely reflect geographic vari ati on. ChiloscyLlium spe-
cie are mall , in hore bottom dwelling sharks (Dingerkus and 
DeFino, 1983; Compagno, 200 I ) that are of limited vagility, 
and thus it is poss ible that di vergent paras ite faunas could have 
TABLE II. Host associations of described Yorkeria species. 
HEMISCYLIIDAE (bamboo sharks) 
Chiloscyllium indicum 
Yorkeria parva Southwell, 1927 
Yorkeria teeveeyi n. sp. 
Chiloscyllium hasselti 
Yorkeria garneri n. sp. 
Chiloscyllium punctatum 
Yorke ria pusillulus n. sp. 
Yorkeria saliputium n. sp. 
Yorke ria yubodohensis n. sp. 
Yorkeria kelleyae Caira & Tracy, 2002* 
Yorkeria hilli Caira & Tracy, 2002* 
Chiloscyllium cf. punctatum 
Yorkeria izardi n. sp. 
Yorkeria longstaffae n. sp. 
Chiloscyllium griseum 
Yorkeria chiloscyllii Shinde, Mohekar & ladhav, 1986* 
GINGLYMOSTOMATIDAE (nurse sharks) 
Nebrius ferrugineus (as Ginglymostoma concolor) 
Yorkeria southwelli Deshmukh, 1979* 
* Host identification requires confirmation. 
evolved in the same host species in these disparate geographic 
regions. To explore these possibilities further, it would be in-
teresting to examine additional specimens of C. punctatum from 
Thailand. The previous examination of Caira and Tracy (2002) 
yielded Y. kelleyae and Y. hilli, neither of which was found in 
the specimens of C. punctatum from Borneo or in specimens 
of C. cf. punctatum from Australia. As Caira and Tracy (2002) 
examined only a single, mature individual shark and were un-
aware of the controversy brewing over the identity of C. punc-
tatum, the examination of additional individuals of this shark 
species, both juvenile and adult, from Thailand is likely to be 
illuminating. Further complicating this situation is the fact that 
we do not believe Williams' specimens of Yorke ria spp. 
(SAMA V1062) collected off Heron Island, Queensland, Aus-
tralia, from Hemiscyllium punctatum [sic] (which was presum-
ably actually C. cf. punctatum given that H. punctatum is not 
a formally recognized species name) are conspecific with either 
Y. izardi or Y. longstaffae. In fact, we believe these specimens 
represent a unique, undescribed Yorkeria species. Whether this 
reflects a fauna consisting of 3 distinct species of Yorkeria par-
asitizing C. cf. punctatum or a host difference must await ex-
amination of positively identified host material from Heron Is-
land. 
In general, cestodes enter their definitive hosts cloaked in 
prey items. Little is known of the diets of any of the 3 species 
of bamboo sharks (Compagno, 2001) we examined in Borneo, 
and thus little can be said about the extent to which differences 
in diet may explain the differences observed in cestode faunas. 
We were not able to examine the cestode faunas of the other 2 
bamboo shark species (c. griseum and C. plagiosum) reported 
from the area, but would predict they also will be found to host 
unique species of Yorkeria. 
This system provides several additional examples of multiple 
congeneric onchobothriid species inhabiting the same elasmo-
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branch host species (see Table II). As has been reported for 
other onchobothriid genera, such as Pedibothrium Linton, 1909 
(e.g., see Caira, 1992), and Calliobothrium Van Beneden, 1850 
(see Nasin et al., 1997), Yorkeria appears to exhibit the phe-
nomenon of certain of the congeners inhabiting the same host 
species bearing a much closer resemblance to congeners inhab-
iting different host species than their own host species. For 
example, the larger species with medial and lateral hooks con-
spicuously unequal in length parasitize C. indicum, C. puncta-
tum, and C. hasselti. 
Future work targeting additional collections is likely to be 
fruitful. Three species of Chiloscyllium, i.e., C. plagiosum, C. 
arabicum Gubanov, and C. burmensis Dingerkus & DeFino, 
remain to be examined for cestodes. As C. arabicum is the only 
species that occurs in the Arabian Gulf (Compagno, 2001), it 
is likely that the report of Al Kawari et al. (1996) of an un-
identified species of Yorkeria from C. griseum was actually 
based on material taken from C. arabicum. However, the York-
eria species was not described, and thus additional work is re-
quired to clarify both the host and cestode taxa. Also interesting 
would be the examination of additional specimens of C. 
griseum and Nebrius ferrugineus from India and Sri Lanka to 
resolve the identities of the several species of Yorkeria that 
have now been reported from these host species (see Table II). 
Finally, clearly much more work needs to be done on the ces-
tode faunas of specimens identified as C. punctatum from 
throughout its currently reported geographic range (e.g., Com-
pagno, 2001). 
Key to Yorkeria species 
1a. Medial hooks less than twice as long as lateral hooks ..... 2 
b. Medial hooks at least twice as long as lateral hooks ...... 5 
2a. Strobila hyperapolytic . . . . . . . . . . . . . . . . Y. saliputium n. sp. 
b. Strobila euapolytic . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
3a. Vitelline follicles interrupted at level of ovary .... Y. kelleyae 
b. Vitelline follicles not interrupted at level of ovary . . . . . . .. 4 
4a. Bothridia round . . . . . . . . . . . . . . . . . . . . . Y. pusillulus n. sp. 
b. Bothridia tapering posteriorly .......... Y. longstaffae n. sp. 
5a. Bothridia tapering conspicuously posteriorly; bothridia extend-
ing to posterior margin of cephalic peduncle Y. izardi n. sp. 
b. Bothridia not tapering posteriorly; bothridia stopping well 
short of posterior margin of cephalic peduncle . . . . . . . .. 6 
6a. Total number of proglottids <20; total length ::s5 mm . . Y. hilli 
b. Total number of proglottids 2:20; total length >5 mm . . . .. 7 
7a. Number of testes 2:90 .................... Y. southwelli 
b. Number of testes <90 ........................... 8 
8a. Terminal 1-2 proglottids on strobila less mature than subter-
minal 2-3 proglottids; ovary in middle third of proglottid 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Y. teeveeyi n. sp. 
b. Terminal proglottid on strobila most mature; ovary in posterior 
third of proglottid . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9 
9a. Medial hook 2:400 ..... m in length . . . . . . . . . . .. Y. chiloscyllii 
b. Medial hook <400 ..... m in length . . . . . . . . . . . . . . . . . .. 10 
lOa. Mature proglottids conspicuously longer than wide (>2.5:1) 
11 
b. Mature proglottids only slightly longer than wide (1.3-2:1) .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y. garneri n. sp. 
lla. Number of proglottids 39-65; spinitriches on proximal both-
ridial surfaces -4 ..... m wide . . . . . . . . . . . . . . . . . . Y. parva 
b. Number of proglottids 22-43; spinitriches on proximal both-
ridial surfaces -2 ..... m wide. . . . . . . . . Y. yubodohensis n. sp. 
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ADDENDUM 
This paper was accepted prior to the publication of Li and Wang's 
description of Y orkeria xiamenensis Li & Wang, 2006 from Chiloscyl-
lium plagiosum in Xiamen, China. Y orkeria xiamenensis is readily dis-
tringuished from all 7 of the new species described above in that it is 
a much longer worm, reaching a maximum length of 15.8 mm (rather 
than 1.2-2.2, 1.4-2.8, 1.5-2.4, 5.2-8.6, 5.4-6, 3.7-7.8, and 5.1-10.2, 
for Y. pusillulus, Y. saliputium, Y. longstaffae, Y. teeveeyi, Y. Garneri, 
Y. yubodohensis, and Y. izardi, respectively). It also possesses a greater 
number of proglottids than Y. pusillulus, Y. longstaffae, Y. yubadohen-
sis, Y. teeveeyi, and Y. garneri (63-95 vs. 7-9, 16-22, 22-43, 32-38, 
and 39-57, respectively). Unlike Y. saliputium it is euapolytic, rather 
than hyperapolytic and, unlike Y. izardi, the bothridia do not extend 
posterior to the junction of the pedicels and peduncle of the scolex. 
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A NEW HUFFMANELA SPECIES (NEMATODA: TRICHOSOMOIDIDAE) PARASITIZING 
ATHERINID FISHES IN NORTH PATAGONIAN GULFS, ARGENTINA 
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ABSTRACT: Huffrnanela moraveci n. sp. (Nematode: Trichosomoididae) is described from the skin of fins and gills of the sil-
versides Odontesthes smitti Lahille, 1949, and Odontesthes nigricans Richardson, 1848 (Pisces: Atheriniformes), from south-
western Atlantic coast, on the basis of the morphology of adults and eggs found in the host tissues. Huffrnanela moraveci n. sp. 
can be distinguished from Huffrnanela carcharini, H. banningi, H. japonica, H. mexicana, H. paronai, H. schouteni, H. shikok-
uensis, H. branchialis, H. filamentosa, H. ossicola, and H. lata by the size and shape of the eggs. The adult stage of H. moraveci 
n. sp. can be differentiated from H. huffrnani and H. canadensis by the position of the nerve ring and by the total esophagus 
lengthlbody length ratio. Huffrnanela moraveci n. sp. also differs from H. huffrnani by the presence of bacillary bands and by 
the body length. This is the first report of a species of Huffrnanela in South America, the first report of a species of Huffmanela 
with Odontesthes spp. as host, and the third known adult form in the genus. 
Huffmanela Moravec, 1987 (Trichinelloidea: Trichosomoidi-
dae), comprises at present only 13 species, but it is probably 
more widespread, particularly as a parasite of marine fishes. 
Huffmanela species affect diverse tissues such as skin, gut mu-
cosa, and serosa, musculature, and swim bladder of both elas-
mobranches and bony marine fishes (Moravec, 2001). The type 
species, Huffmanela carcharini (MacCallum, 1925), was de-
scribed from the skin and gill arch mucosa of the requiem shark 
Carcharinus melanopterus from the Atlantic Ocean (Moravec, 
2001). At present, the adult stage has only been described for 
2 species, Huffmanela huffmani Moravec, 1987, from fresh-
water fishes, i.e., Lepomis spp., Ambloplites rupestris, and Mi-
cropterus salmoides from Texas (Huffman and Moravec, 1988), 
and Huffmanela canadensis Moravec, Conboy, and Speare, 
2005, from Sebastes spp. in the Pacific Ocean near Vancouver, 
Canada (Moravec et aI., 2005). The 11 remaining species are 
mainly parasites of teleost fishes from the Pacific and Atlantic 
Oceans and the Gulf of Mexico (Moravec and Campbell, 1991; 
Moravec et aI., 1998; Moravec and Fajer-Avila, 2000; Moravec 
and Garibaldi, 2000; Moravec, 2001; Justine, 2004, 2005), and 
they are known only from their eggs. 
The aim of the present paper is to describe a new Huffmanela 
species parasitizing Odontesthes smitti Lahille, 1929, and 
Odontesthes nigricans from 2 northern Patagonian gulfs, Chu-
but Province, Argentina, on the basis of both adult and e"gg 
morphology in host tissues, and to discuss some biological as-
pects of the species. 
MATERIALS AND METHODS 
In total, 330 specimens of Odontesthes smitti Lahille, 1949 (Pisces, 
Atherinopsidae), were caught from April 200D to February 2005 along 
the coast of Puerto Madryn, Nuevo Gulf (42°47'S, 65°02'W) (n = 182; 
mean total length = 24.3 cm ± 16.26), and Larralde Beach, San Jose 
Gulf (42°25'S, 64°07'W) (n = 148; mean total length = 23 cm ± 3.6), 
southwestern Atlantic Ocean. Additionally, 72 specimens of O. nigri-
cans Richardson, 1848, (mean total length = 16.5 cm ± 1,48) were 
collected from Nuevo Gulf during October 2003. Fishes were fixed in 
the field with 5% formalin. Later, they were examined in the laboratory, 
and the nematodes were removed from the skin of fins, the internal 
opercular epithelium, and the gill mucosa and stored in 70% ethanol. 
The specimens were mounted in alcohol-glycerin (25%) to be studied 
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using light microscopy. Drawings were made with the aid of a camera 
lucida. Six specimens (3 males and 3 females) were dried using the 
critical point method to be studied and photographed using a scanning 
electron microscope (JEOL/SET 100®). Skin from the fins was pro-
cessed by a routine paraffin technique, sectioned at 8 and 10 /.Lm, and 
stained with hematoxylin-eosin for histological examination. Measure-
ments are presented as follows: holotype, allotype, and paratypes; mean, 
standard deviation, and range in parentheses. All measurements are giv-
en in micrometers except where otherwise stated. Prevalence and mean 
intensity were calculated according to Bush et al. (1997). The holotype, 
allotype, and paratypes were deposited in the Helminthological Collec-
tion of Museo de La Plata, La Plata, Argentina (CHMLP). 
DESCRIPTION 
Huffmanela moraveci n. sp. 
(Figs. 1-19) 
General morphology: Threadlike nematodes, embedded in tunnels 
within epithelium of host. Cephalic end rounded, with indistinct ce-
phalic papillae (Figs. 1, 2, 14). Cuticle with fine transverse striations. 
Two lateral bacillary bands extending throughout body length, wider at 
middle region (Figs. 4, 15) with cuticular inflations and bacillary glands, 
and narrower at both ends where inflations and bacillary glands are 
more scattered. Esophagus consisting of narrow anterior muscular por-
tion (Fig. 1) and posterior stichosome with single row of 32-42 stich-
ocytes provided with large cell nuclei; light-colored stichocytes alter-
nating with few darker ones (Fig. 3). One pair of conspicuous cells, 
quadrangular in shape (coelomocytes) (Fig. 5), without transverse an-
nulations, present at esophagus-intestinal junction. Nerve ring at middle 
or posterior third of muscular esophagus. Total esophagus representing 
13-32% of body length. Males smaller than gravid females. 
Male holotype (from Nuevo Gulf): Body length 5 mm, maximum 
width 82; cephalic and posterior ends 12 and 18 wide, respectively. 
Width of lateral bacillary bands 35. Total esophagus length 1.6 rom 
(32% of total body length). Length of muscular esophagus 163; sticho-
some length 1,45 mm; stichocytes 32 in number. Nerve ring 102 from 
anterior end. Cloaca terminal (Fig. 7), 88 in length. 
Male paratypes (9 specimensjrom Nuevo and San Jose Gulfs): Body 
length 5 ± 0.9 mm (3.8-6.3 mm), maximum width 74 ± 13 (60-90); 
cephalic end 11 ± 2 (8-15) wide, posterior end 15 ± 2 (11-17) wide. 
Lateral bacillary bands 35 ± 2 (34-37) wide. Total esophagus length 
1,4 ± 0.16 rom (1.15-1.6 rom), (28% ± 3% [24%-32%] of total body 
length), length of muscular esophagus 130 ± 18 (110-160) and sticho-
some 1.2 ± 0.14 rom (1-1.5 rom); stichocytes 33 ± 5 (25-37) in num-
ber. Nerve ring 75 ± 15 (55-90) from anterior end. Single testis ex-
tending from esophagus-intestinal junction to proximal part of cloaca. 
Spicules and spiCUlar sheath absent. Cloaca terminal, 76 ± 4 (72-80) 
in length. Caudal end rounded, with 2 small lateral papillae (Figs. 7, 
16). 
Female allotype (from Nuevo Gulf): Body length 10.3 rom, maximum 
width 110, cephalic and posterior ends 16 and 55 wide, respectively. 
Lateral bacillary bands 50 wide. Total esophagus length 1.75 mm 
(16.9% of total body length), length of muscular esophagus 170 and 
stichosome 1.6 rom; stichocytes 41 in number. Nerve ring 60 from 
• 
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FIGURES 1-13. Huffinanela moraveci n. sp. from Odontesthes smitti. (1) Anterior end of male, lateral view. (2) Detail of anterior end of male, 
lateral view. (3) Stichocytes in middle region of stichosome of female. (4) Bacillary band, middle region view. (5) Esophagus-intestine junction 
and coelomocytes of male. (6) Esophagus-intestine junction, coelomocytes and vulva, lateral view. (7) Posterior end of male, lateral view. (8) 
Posterior end of female, lateral view. (9-10) Eggs in uterus. (11-12) Eggs in the host tissues, not embrionated. (13) Frilly developed egg with 
larva. 
anterior end. Vulva 1.85 mm from anterior end (Fig. 6). Eggs not em-
bryonated, quadrangular to oval, light-colored, with 2 layers, 28-30 
long by 24-25 wide; wall 3 thick; nonprotruding polar plugs (Figs. 9, 
10). 
Female paratypes (11 specimens from Nuevo and San Jose Gulfs): 
Body length 11.05 ::': 3.7 mm (5-16.3 mm), maximum width 91 ::': 21 
(58-120), cephalic end 14 ::': 3 (10-20) and posterior end 38 ::': 6 (29-
50) wide. Lateral bacillary bands 61 ::': 13 (52-70) wide. Total esoph-
agus length 1.9 ::': 0.34 mm (1.35-2.35 mm) in length (17% ::': 2.99% 
[12.9-21.1 %] of total body length). Length of muscular esophagus 183 
::': 38 (130-260) and stichosome 1.7 ::': 0.3 mm (1.2-2.1 mm); sticho-
cytes 36 ::': 5 (30-42) in number. Nerve ring 95 ::': 21 (70-145) from 
anterior end. Vulva situated slightly posterior to the esophagus-intestine 
junction, 2.1 ::': 0.475 mm (1.5-2.8 mm) from anterior end. Anterior 
• 
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FIGURES 14- 19. Huffmanela moraveci n. sp. Scanning e lectron micrograph 14- 17. (14) Deta il of anterior end of male, apical and lateral 
view. (IS) Detail of bacillary bands, latera l view. (16) Detai l of posterior end of male, lateral view. (17) Deta il of posterior end of female, late ra l 
view. Light micro copy micrographs 18-19. (18) Eggs in epithelium, at different stages of development. (19) Histo logical section of eggs in 
epithelium (sta ined with hematoxylin and eosin). The arrow how the envelope that enca es the whole egg. 
vulvar lip s lightly protruded, vagina short. Ulerine egg quadrangular 
to oval, light-colored, not embryonated. Egg hell with 2 layers; inner 
layer thinner, oute r layer thicker; nonprotruding polar plugs. Eggs 26-
44 long by 2 1-28 wide; wall 3-4 thick. Posterio r end rounded. Anus 
terminal (Fig. 8, 17). 
Eggs from host tissues: Fully developed egg containing larvae, oval, 
dark brown colored, with 2- layered wa ll (Figs. 13, 18); inner layer thin , 
smooth , and hyaline in appearance; outer layer thicker and darker than 
inner layer. Polar plugs light-colored, distinctly protruding; polar plugs 
6-8 high and 8-10 wide, protruding part 2-4 high. Eggs size including 
polar plugs 53 ± 2.64 (SO-57) long by 27 ± 2.42 (23- 3 1) wide, thick 
wall 3-5 wide. Whole egg covered by thin enve lope, appearing lightly 
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ornamented, slightly separated from egg at certain points (Fig. 19). Lar-
va length 108. Not fully developed eggs (without larvae) with colorless 
or light brown shells, with protruding polar plugs (Figs. 11, 12). Egg 
size including polar plugs 38-55 long by 23-30 wide, wall 4 thick. 
Polar plug 7 high by 9 wide, protruding part 3 high. 
Taxonomic summary 
Type host: Odontesthes smitti Lahille, 1949 (Atheriniformes: Ather-
inopsidae). 
Other host: Odontesthes nigricans Richardson, 1848 (Atheriniformes: 
Atherinopsidae). 
Site: Skin of pectoral and anal fins, epithelium of operculum and gill 
mucosa. 
Type locality: Nuevo Gulf (GN) (42°47'S, 65°02'W), southwestern 
Atlantic Ocean. 
Other locality: San Jose Gulf (GSJ) (42°25'S, 64°07'W), southwest-
ern Atlantic Ocean. 
Specimens deposited: Holotype No. 5558, allotype No. 5559, and 6 
paratypes (3 males and 3 females) No. 5560, 5561, and 5562, were 
deposited in the Helminthological Collection of Museo de La Plata, La 
Plata, Argentina. 
Prevalence: Odontesthes smitti 40.1 % from GN and 20.95% from 
GSJ; o. nigricans 12.5% from GN. 
Mean intensity (range in parentheses): Odontesthes smitti GN 3.14 
(1-18) and GSJ 2.45 (1-7). O. nigricans GN 2.1 (1-4). 
Etymology: The specific name is dedicated to Dr. Moravec, a rec-
ognized helminthologist who studies vertebrate-parasitic nematodes and 
created the genus Huffmanela. 
Remarks 
Huffmanela moraveci n. sp. differs from H. carcharini (MacCallum, 
1925); H. banningi Moravec, 1987; H. huffmani Moravec, 1987; H. 
schouteni Moravec and Campbell, 1991; H. shikokuensis Moravec, 
Koudela, Ogawa, and Nagasawa, 1998; H. japonica Moravec, Koudela, 
Ogawa, and Nagasawa, 1998; H. mexicana Moravec and Fajer-Avila, 
2000; H. ossicola Justine, 2004; and H. lata Justine, 2005, by having 
smaller eggs (Moravec, 2001; Justine 2004, 2005). In contrast, the new 
species differ from Huffmanela paronai Moravec and Garibaldi, 2000, 
and H. branchialis Justine, 2004, by having larger eggs (Moravec and 
Garibaldi, 2000; Justine, 2004). The eggs of Huffmanela moraveci n. 
sp. are similar in size to those of H. jilamentosa Justine, 2004, and H. 
canadensis Moravec, Conboy, and Speare, 2005, but the eggs of H. 
jilamentosa have filaments at their tips and lack an envelope, whereas 
those of H. canadensis have transverse ridges on their surface and lack 
an envelope. Adult specimens of H. moraveci n. sp. are longer than 
those of H. canadensis, have wider bacillary bands, a different position 
of the nerve ring and vulva, and smaller total esophagus length/total 
body length ratio; however, they are similar in possessing a terminal 
cloaca. The new species can be distinguished from the adult H. hujJmani 
specimens by the greater body length and maximum width, by the po-
sition of the nerve ring and vulva, and by the lower total esophagus 
lengthlbody length ratio. In addition, H. moraveci n. sp. has a terminal 
cloaca and presents bacillary bands, which have not been observed in 
H. huffmani (Huffman and Moravec, 1988) (Table I). Host species and 
geographical distribution should also be considered in the diagnosis of 
Huffmanela species (Moravec and GarioaIdi, 2000); thus, H. moraveci 
n. sp. differs from the others species in the genus in being the only 
species to parasitize an atherinid fish species in the southern Atlantic 
Ocean. 
On the basis of the differences mentioned, a new species of Huff-
manela is proposed. This finding represents the first record of a Huff-
manela species in South America and the second record from Ather-
iniform fishes. 
DISCUSSION 
Odontesthes smitti and O. nigricans collected at northern Pa-
tagonian gulfs were infected with adults of Huffmanela mora-
veci n. sp. The eggs found in host tissues occurred as concen-
trated masses at different stages of development but did not 
form conspicuous black spots as in other hosts (Moravec, 
2001). 
In this paper, we consider new diagnostic features to discrim-
inate the adults of Huffmanela species, i.e., body length, pres-
ence and width of bacillary bands, position of vulva, and total 
esophagus length/body length ratio. The morphology of the 
male tail and the size and morphology of eggs are also consid-
ered in distinguishing Huffmanela species (Moravec and Gari-
baldi, 2000). Moravec and Fajer-Avila (2000) and Justine 
(2004) asserted that the host species, geographical distribution, 
and site of infection could be used as supplementary characters 
to differentiate Huffmanela species. 
The location of Huffmanela spp. eggs in the skin of fins and 
gill mucosa suggests that egg dispersion occurs during the nat-
ural turnover of tissues, facilitated by water flow passing 
through the branchial cavity and fin surface (Moravec and Gar-
ibaldi, 2000; Justine, 2004; Moravec et aI., 2005). Justine 
(2004) proposed that the gill mucosa could be the preferred site 
of infection of Huffmanela species, given that it is the most 
frequent localization, and the most probable way of dissemi-
nation. In northern Patagonian gulfs, Odontesthes spp. are 
preyed upon by other fishes, birds, and marine mammals (Punta 
et aI., 1993; Bertellotti, 1998) and, therefore, the eggs of Huff-
manela moraveci n. sp. must pass through the digestive tract of 
predators before being released into the environment, just as it 
was proposed for H. mexicana from the swim bladder of Spho-
eroides annulatus (Tetraodontiformes), H. ossicola from all 
bone, including gill arches bones of Bodianus loxozonus (Per-
ciformes), and H. huffmani from the swim bladder of Lepomis 
spp. (Perciformes) (Moravec and Fajer-Avila, 2000; Cox et al., 
2004; Justine, 2004). These 2 dispersal mechanisms could be 
possible, as in the case of Capillaria hepatica, which produce 
2 types of eggs, one type passing into the environment and 
developing into infective stages, while the other type is retained 
in the liver and must be ingested by a carnivore or scavenger 
to develop (Bush et al., 2001). 
Nuevo Gulf is situated completely within the Magellanic 
zoogeographic province and receives the cold marine currents 
from the south, whereas San Jose Gulf is situated at the con-
fluence of 2 zoogeographic regions, the Argentinean Province 
to the north and the Magellanic Province to the south. Owing 
to this zoogeographic arrangement, the composition of the hab-
itats in San Jose Gulf may undergo cyclic changes due to tem-
porary predominance of warm waters or cold waters (Plan de 
Manejo, 2001). It has been suggested that the life cycle of Huff-
manela species requires an intermediate host (Moravec, 2001; 
Cox et al., 2004). The high prevalence of H. moraveci n. sp. 
observed in O. smitti in Nuevo Gulf in contrast with those 
found in GSJ, could be indicating a differential distribution of 
its possible intermediate host due to the particular conditions 
present in these 2 regions 
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TABLE 1. Comparative measurements of adults of Huffmanela species. 
Parameters 
References 
Type host 
H. huffmani, Huffman & 
Moravec, 1988 
Moravec (1987); Huffman & Moravec 
(1988) 
Lepomis cyanellus Perciformes 
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H. canadensis, Moravec, Conboy, 
& Speare, 2005 
Moravec, Conboy, & Speare (2005) 
Sebastes spp. Scorpeniformes 
H. moraveci n. sp. 
Present study 
Odontesthes smitti Ather-
iniformes 
Other hosts Lepomis spp., Ambloplites rupestris, and 
Micropterus salmoides 
Odontesthes nigricans 
Localities 
Site of infection 
Male 
Total length 
Maximum width 
Width cephalic end 
Width posterior end 
Nerve-ring (dfae)* 
Total esophagus length 
Muscular esophagus length 
Stichosome length 
Stichocytes (number) 
Width bacillary bands 
Length of Cloaca 
Esophagus % body length 
Female 
Total length 
Maximum width 
Width cephalic end 
Width posterior end 
Nerve-ring (dfae)* 
Total esophagus length 
Muscular esophagus 
Stichosome 
Stichocytes 
Width bacillary bands 
Vulva (mm) (dfae)* 
Vulva (dfeij)t 
Esophagus % body length 
Egg length (in uterus) 
Egg width (in uterus) 
Length including polar plugs 
(in epithelium) 
Width including polar plugs 
(in epithelium) 
* dfae: distance from anterior end. 
San Marcos River, Texas, U.S. 
Swim bladder 
n = 10 
4.7-5.1 
24-27 
12 
9 
51-57 
1.4-1.9 
135-141 
1.3-1.8 
25-26 
Not observed 
29-41% 
n = 5 
4.9-7.5 
24-30 
12 
12 
45-48 
1.3-2.3 
150-162 
1.1-2.2 
29-35 
Not observed 
15-30 
26-31% 
45 
27 
60-63 
33-39 
t dfeij: distance from esophagus-intestinal junction . 
• 1 
11902), Consejo Nacional de Investigaciones Cientfficas y Tecnicas 
(CONICET) (PIP 2714/5653), and Universidad Nacional de La Plata 
(UNLP) (363). Fieldwork was conducted in a Protected Natural Area 
of Chubut province with permits from the Secretarfa de Turismo y Areas 
Protegidas. The authors are members of CONICET. 
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British Columbia, Canada 
Skin of fins 
n = 2 
3.4-3.9 
45-63 
12 
18-21 
48-69 
1.3 
147-153 
1.2 
40-42 
21-24 
93 (holotype) 
37-39% 
n = 3 
7.7-8.2 
90-105 
15-18 
33 
75-78 
1.8-2.1 
180-216 
1.5-1.8 
32-37 
36 
30-39 
23-26% 
32-39 
24-27 
48-63 
24-27 
North Patagonian gulfs, 
Argentina 
Skin of fins, epithelium 
of operculum, and gills 
n = 9 (Paratypes) 
5 (3.8-6.4) 
74 (60-90) 
11 (8-15) 
15 (11-17) 
75 (55-90) 
1.4 (1.5-1.6) 
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A NEW SPECIES OF SYPHACIA (NEMATODA: OXYURIDAE) FROM AKODON AZARAE 
(RODENTIA: CRICETIDAE) IN ARGENTINA 
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ABSTRACT: Eight species of Syphacia (Nematoda: Oxyuridae) have been reported from South America in rodents of the Sig-
modontinae, only I of which has been recorded in Argentina. Syphacia (Syphacia) carlitosi n. sp. is described from the ceca of 
Akodon azarae bibianae and Akodon azarae hunteri (Sigmodontinae: Akodontini) captured in 3 provinces in the northeast region 
of Argentina. The new species is differentiated principally by the shape of the cephalic plate; distribution of submedian papillae 
and amphids; presence, extent, and shape of cervical alae in females; absence of lateral alae; absence of deirids; spicular and 
gubernaculum length; shape and structure of accessory hook of gubernaculum; and distance of mamelons, excretory pore, and 
vulva from the anterior extremity. This is the second record of Syphacia parasitizing rodents of the tribe Akodontini. 
Species of Syphacia (Oxyuridae: Syphaciinae) are frequently 
found in the cecum of cricetid rodents, mainly in those belong-
ing to the Sigmodontinae (Quentin, 1971; Dick et aI., 1973; 
Hugot, 1988). Sigmodontine rodents are endemic in American 
continent and are represented by 71 genera and 373 species 
(D'Elfa, 2003). To date, 10 species of Syphacia have been de-
scribed from 15 species of these rodents: Syphacia (Syphacia) 
venteli Travassos, 1937; Syphacia (Syphacia) alata Quentin, 
1968; Syphacia (Seuratoxyuris) criceti Quentin 1969; Syphacia 
(Seuratoxyuris) megadeiros Quentin 1969; Syphacia (Seuratox-
yuris) sigmodoni Quentin and Kinsella, 1972; Syphacia (Seu-
ratoxyuris) oryzomyos Quentin and Kinsella, 1972; Syphacia 
(Syphacia) oryzomae Sutton, 1978; Syphacia (Seuratoxyuris) 
phyllotios Quentin, Babero and Cattan, 1979; Syphacia (Sypha-
cia) odilbainae Hugot and Quentin, 1985; Syphacia (Seuratox-
yuris) evaginata Hugot and Quentin, 1985 (Travassos, 1937; 
Quentin, 1968, 1969, Quentin and Kinsella, 1972; Sutton, 1978; 
Quentin et aI., 1979; Hugot and Quentin, 1985; Hugot, 1988). 
Eight of these species have been reported from South America, 
and only 1 has been recorded in Argentina (Sutton, 1978). 
Akodon azarae Fisher, "1829 (Akodontini, Sigmodontinae) is 
widely distributed in Argentina, living in several types of open 
environments, including dry and humid Chaco, pampas grass-
land, and agroecosystems. It is strongly associated with marshes 
and wet grasslands along the Rio Paraguay, Rio Uruguay, and 
Rio de La Plata (Redford and Eisenberg, 1992; D'Elfa, 2003). 
Although the ecology and distribution of A. azarae have been 
well studied, little is known of its parasite fauna. The purpose 
of this paper is to describe a new species of Syphacia recovered 
from the cecum of this host. 
MATERIAL AND METHODS 
During a study on the biology and systematics of rodents, specimens 
of 2 subspecies of Akodon azarae were collected in 3 provinces of the 
northeast of Argentina. A total of 37 specimens of rodents was exam-
ined: 13 Akodon azarae bibianae Massoia, 1971, from EI Colorado 
(26°19'45"S, 59°06'43"W) and 4 from Mayor Villafane (26°12'57"S, 
59°15'38"W), Departamento de Pirane, Formosa Province; 10 Akodon 
azarae hunteri Thomas, 1917, from Colonia Villa Elisa (32°08'22"S, 
58°24'27"W), Departamento de Col6n, Entre Rios Province; and 10 A. 
azarae hunteri from Punta Piedras (35°16'S, 57°15'W), Partido de Punta 
Indio, Buenos Aires Province. 
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The viscera were fixed in 10% formalin and examined in the labo-
ratory. Nematodes were collected from the ceca, preserved in 70% eth-
anol, cleared in lactophenol, and studied using light microscopy. Draw-
ings were made with the aid of a drawing tube. Some specimens were 
dried using the critical-point method, examined under SEM (Jeol 6360 
LV), and photographed. In the following description, measurements of 
the holotype male and the allotype female are given. Table I lists mea-
surements of the paratypes, including the mean and standard deviation, 
followed by the range in parentheses, and those given by previous au-
thors for species found in sigmodontine rodents. All measurements are 
in micrometers unless otherwise stated. 
DESCRIPTION 
Syphacia (Syphacia) carlitosi n. sp. 
(Figs. 1-23) 
General: Cuticle with fine transversal striations, fields between trans-
verse striations with shallow longitudinal depressions. Striations begin 
immediately posterior to cuticular collar. Cephalic plate laterally elon-
gated. Submedian papillae and amphids not observed in apical view; 
these are grouped at lateral sides of cephalic plate. Porous badge situ-
ated immediately below amphids (Fig. 14). Distance between amphids 
(lateral diameter of cephalic plate) 25-35 in males and 45-87 in females 
(Figs. 15, 16). Lips poorly defined, with cuticular edges around trira-
diate opening. Deirids absent. Excretory pore located in a depression, 
posterior to esophageal-intestinal junction. 
Male (holotype): Body length 1.39 mm (Fig. 1). Body width 150. 
Cervical and lateral alae absent. Total esophagus 274 long, esophageal 
bulb 87 long (Fig. 2). Nerve ring 100, and excretory pore 280 from 
anterior extremity (Fig. 3). Three ventral mamelons of Syphacia type 
present (Figs. 4, 17). Anterior mamelon protruded 62 long, middle 
mamelon 77 long, and posterior mamelon 87 long. Anterior edges of 
each mamelon 370, 500, and 800 from anterior extremity, respectively. 
Mamelons not equidistant; distance between anterior edge of first mam-
elon and anterior edge of second mamelon 130 (130 ± 30 [80-220] in 
paratypes); distance between anterior edge of second mamelon and the 
anterior edge of third mamelon 300 (263 ± 110 [180-500] in paratypes) 
(Fig. 1). Spicule 75 long. Gubernaculum 35 long. Accessory hook of 
gubernaculum with ornamentation on lateral edges (Figs. 5, 18, 19). 
Tail relatively long, 270, and tip of tail 220. Three pairs of caudal 
pedunculate papillae: 1 preanal pair, 1 adanal pair, and 1 large postanal 
pair, located laterally (Figs. 6, 19). 
Female (allotype): Body length 5.31 mm (Fig. 7). Body width 250. 
Cervical alae well developed, beginning approximately 40 from apex; 
450 long, and 35 wide (Figs. 8, 20, 21). Lateral alae absent, present in 
their place 1 line in relief as a cuticular fold that extends as far as tail 
(Figs. 21, 22, 23). Total esophagus 460 long, esophageal bulb 150 long 
(Fig. 8). Nerve ring 125, excretory pore 560, and vulva 875 from an-
terior extremity (Figs. 8, 9, 10). Vulva not prominent (Figs. 10, 11). 
Tail relatively long, 940 (Figs. 12, 23). Eggs elliptical and operculated, 
100 X 37 (Fig. 13). 
• 
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TABLE I. Main morphological features and measurements of Syphacia species. dfae = Distance from anterior end. 
Species 
Reference 
Type host 
Other hosts 
Localities 
Male (n) 
Body length (mm) 
Body width 
Nerve ring (dfae) 
Deirids (dfae) 
Excretory pore (dfae) 
Cervical alae (dfae) 
Lateral alae 
Total esophagus 
Diameter esophageal bulb 
Anterior mamelon length 
Middle mamelon length 
Posterior mamelon length 
Anterior mamelon (dfae) 
Middle mamelon (dfae) 
Posterior mamelon (dfae) 
Spicule 
Gubernaculum length 
Gubernaculum width 
Shape accessory hook 
Tail 
Tip of tail 
Female (n) 
Body length (mm) 
Body width 
Nerve ring (dfae) 
Deirids (dfae) 
Excretory pore (dfae) 
Cervical alae (dfae) 
Cervical alae 
Cervical alae width 
Lateral alae 
Total esophagus 
Diameter esophageal 
bulb 
Vulva (dfae) 
Tail 
Eggs length 
Eggs width 
S. venteli 
Travassos, 1937 
Travassos, 1937; 
Quentin, 1969 
Nectomys 
squamipes 
Melanomys cali-
ginosust 
Angra dos Reis 
(Brasil); Bue-
naventura, Pi-
chiude (Co-
lombia) 
10+ 
0.5-1.47 
100-120 
60-100 
Absent 
220-300 
Absent 
Absent 
173 
52 
62 
76 
72 
325 
450 
650 
67 
27 
5 
13 X 8 
180-210 
147-160 
30+ 
2.2-3.45 
200-330 
110-160 
Absent 
510 
Absent 
Present 
350 
100 
700 
480 
82 
33 
S. alata 
Quentin, 1968 
Quentin, 1968, 
1969, 1971 
Necromys lasi-
urus* 
Oligoryzomys 
nigripes+, 
Sigmodonto-
mys alfari§ 
Pernambuco 
(Brasil); Dep-
to Valle del 
Cauca (Co-
lombia) 
4 
1.5-1.86 
120 
110 
Absent 
400 
Absent 
Absent 
272 
82 
80 
80 
80 
580 
750 
920 
76 
28 
6 
14 X 13 
210 
180 
33+ 
6-6.3 
240 
166 
Absent 
580 
60 
300-480 
45 
Present 
455 
135 
880 
790 
95-97 
34-40 
S. criceti 
Quentin, 1969 
Quentin, 1969 
Oryzomys su-
bfiavus 
Calomys callo-
sus 
Pernambuco 
(Brasil) 
2 
1.45-1.72 
150-160 
115 
115 
180 
Absent 
Absent 
270 
66 
70 
80 
80 
220 
360 
540 
96 
46 
8 
14 X 32 
115 
70 
254 
3.8-5.8 
330 
150 
125 
320 
Absent 
Absent 
450 
105 
490 
780 
83-87 
27-34 
S. megadeiros 
Quentin, 1969 
Quentin, 1969 
Rhipidomys lati-
manus 
Oryzomys a(fa-
roi 
Pichiude (Co-
lombia) 
34 
5.8-5.9 
280 
240 
220 
850 
Absent 
Present 
480 
120 
1200 
740 
66 
23 
S. sigmodoni 
Quentin, and 
Kinsella, 1972 
Quentin and 
Kinsella, 
1972 
Sigmodon hispi-
dus 
Florida (USA) 
8 
0.8-1.08 
90 
80 
Absent 
260 
Absent 
Absent 
213 
52-58 
55 
52 
62 
300 
410 
500 
64 
38 
4 
13-16 X 13 
65-69 
26-32 
17 
3.03 
160 
130 
155 
500 
3711 
45011 
1811 
Present 
380 
110 
700 
540 
83-90 
30-33 
S. oryzomyos 
Quentin, and 
Kinsella, 1972 
Quentin and 
Kinsella, 
1972 
Oryzomys palus-
tris 
Paynes Prairie, 
Alachua 
County, Flori-
da (USA) 
4 
1.0-1.7 
150 
110 
200 
420 
Absent 
Absent 
300 
80 
90 
90 
80 
480 
600 
760 
99 
45 
10 
33 X 22 
140 
110 
14 
3.0-3.6 
325 
180 
220 
360 
Absent 
Absent 
375 
100-120 
620 
630 
102 
30 
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TABLE 1. Continued. 
S. evaginata S. odilhaine 
S. oryzomae S. phyllotios Hugot and Hugot and 
Species Sutton, 1978 Quentin et aI., 1979 Quentin, 1985 Quentin, 1985 S carlitosi n. sp. 
Reference Sutton, 1978 Quentin et aI., Hugot and Quentin, Hugot and Quentin, Present study 
1979 1985 1985 
Type host Oryzomys (Oligory- Phyllotis darwini Oryzomys sp. Zygodontomys hrevi- Akodon azarae bibianae; 
zomys) sp cauda Akodon azarae hunteri 
Localities Misiones (Argentina) Malleco (Chile) Belem (Brasil) Cali (Colombia) Formosa, Entre Rios, 
Buenos Aires (Argenti-
na) 
Male (N) 2 2 2 ? 60 
Body length (mm) 0.64-0.66 1.4 1.71 1.21 1.28 ± 0.18 (0.9-1.5) 
Body width 80-120 140 130 80 140 ± 30 (84-187) 
Nerve ring (dfae) 110 120 80 86 ± 11 (62-100) 
Deirids (dfae) 110 Present Absent 
Excretory pore (dfae) 265 480 260 289 ± 42 (200-300) 
Cervical alae (dfae) Present Absent Absent Absent 
Lateral alae Present Absent 
Total esophagus 136-176 210 280 170 240 ± 40 (125-311) 
Diameter esophageal bulb 40-64 55 70 40 71 ± 14 (39-93) 
Anterior mamelon length 40 80 9011 4311 60 ± II (31-75) 
Middle mamelon length 32 75 9011 5411 61 ± 15 (30-87) 
Posterior mamelon length 40 85 9011 5611 74 ± 18 (31-120) 
Anterior mamelon (dfae) 168-250 360 610 411 420 ± 59 (300-540) 
Middle mamelon (dfae) 37511 510 77011 49711 550 ± 68 (440-720) 
Posterior mamelon (dfae) 55011 750 98011 66011 813 ± 127 (560-1200) 
Spicule 47-56 76-82 87 50 69 ± 7 (60-85) 
Gubernaculum length 22-32 33-42 52 32 35 ± 4 (30-45) 
Gubernaculum width 5.5 9.5 ± 7 (8-10.2) 
18 ± 4 (15-20) X 8.5 
Accessory hook 18-22 X 14.5 ± 4 (7-12) 
Tail 90-136 80 75 130 248 ± 28 (190-297) 
Tip of tail 46 40 102 206 ± 31 (125-260) 
Female (n) 25 (inmatures) 5 5 ? 60 (gravids) 
Body length (mm) 1.2-2.6 6 4.8 4.32 5.50 ± 0.7 (4.20-7.67) 
Body width 120-204 375 300 140 239 ± 33 (170-350) 
Nerve ring (dfae) 185 170 130 134 ± 26 (80-187) 
Deirids (dfae) 185 Present Present Absent 
Excretory pore (dfae) 410 650 750 500 531 ± 73 (340-680) 
Cervical alae (dfae) Present ? Absent Absent 35 ± 7 (25-40) 
Cervical alae 416 ± 64 (275-550) 
Cervical alae width 35 ± 2 (31-37) 
Lateral alae (dfae) ? Present Absent 
Total esophagus 220-340 462 440 280 463 ± 35 (360-550) 
Diameter esophageal bulb 60-84 125 110 70 130 ± 18 (90-180) 
Vulva (dfae) 370-720., 1,000 850 (protusive) 750 851 ± 110 (650-1,200) 
Tail 224-370 940 750 540 910 ± 93 (700-1,125) 
Eggs length 109-112 75 115 91 ± 8 (70-100) 
Eggs width 34-38 30 30 29 ± 3 (20-37) 
* Mentioned as Zigodontomys lasiurus by Quentin, 1968; 1969; 1971. 
t Mentioned as Oryzomys calignosus by Quentin. 1969. 
:j: Mentioned as Oryzomys nigripes by Quentin 1969; 1971. 
§ Mentioned as Nee/omys alfari by Quentin 1969; 1971. 
II Measure obtained from drawing. 
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FIGURES 1-6. Syphacia (Syphacia) carlitosi n. sp. Male (1) Complete male specimen. (2) Anterior extremity. (3) Detail of excretory pore. (4) 
Mamelon, lateral view. (5) Detail of spicule, gubernaculums, and accessory hook of gubernaculum, lateral view. (6) Three pairs of caudal 
pedunculate papillae, spicule, gubernaculum, and accessory hook of gubernaculum, ventral view. 
Taxonomic summary 
Type host: Akodon azarae bibianae Massoia, 1971 (Sigmodontinae: 
Akodontini) male, voucher specimen deposited in the Colecci6n de 
Mastozoologfa del Centro Nacional Patag6nico, Chubut, Argentina, 
CNP 557. Other hosts housed CNP 580, CNP 559. 
Other host: Akodon azarae hunteri Thomas, 1917 (Sigmodontinae: 
Akodontini) voucher specimens belonging to the Entre Rfos deposited 
in the Colecci6n de Mastozoologfa del Centro Naciona1 Patag6nico, 
Chubut, Argentina, CNP 523, CNP 525, CNP 526, CNP 528, CNP 530 
and specimens belonging to the Buenos Aires deposited in the Colec-
ci6n de Mastozoo10gfa del Museo de la Plata, Buenos Aires, Argentina, 
MLP 3l.XII.02.36, MLP l.VIII.OO.l3. 
Type locality: EI Colorado--{)n the left riverbank of the Rfo Bermejo 
in the fork with the Arroyo Correntoso (26°19'45"S, 59°06'43"W), De-
partamento de Pirane, Formosa Province, Argentina. 
Other localities: Colonia Villa Elisa (32°08'22"S, 58°24'27"W), 
Departamento de Col6n, Entre Rfos Province and Punta Piedras 
(35°16'S, 57°15'W), Partido de Punta Indio, Buenos Aires Province, 
Argentina. 
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FIGURES 7-13. Syphacia (Syphacia) carlitosi n. sp. Female (7) Complete female specimen. (8) Anterior extremity. (9) Detail of excretory pore. 
(10) Detail of vulva, ventral view. (11) Detail of vulva, lateral view. (12) Posterior extremity, lateral view. (13) Egg. 
Site of infection: Cecum. 
Specimens deposited: Holotype male, allotype female, and a total of 
30 paratypes (10 belonging to Formosa Province, 10 to the Entre Rfos 
Province and 10 to the Buenos Aires Province) were deposited at the 
Helminthological Collection from Museo de La Plata CHMLP. The 
numbers are 5625, 5626, 5627, 5628, and 5629, respectively. 
Etymology: In honor to the memory of the first author's father, "Car-
litos" Robles. 
Remarks 
Syphacia (Sy.) carlitosi n. sp. can be distinguished from S. (Se.) cri-
ceti, S. (Se.) megadeiros, S. (Se.) sigmodoni, S. (Se.) oryzomyos, S. (Se.) 
phyllotios, S (Se.) evaginata, and S. (Sy.) odilbainae by the absence of 
deirids. Moreover, S. (Sy.) carlitosi n. sp. resembles S. (Sy.) alata, S. 
(Se.) sigmodoni, and S. (Se.) oryzomae, but differs from the rest of the 
species, in having cervical alae well developed in the females. 
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FIGURES 14- 19. Scanning electron micrographs of Syphacia (Syphacia) carl ilOsi n. sp. (14) Female, submedian papillae, amphids and porous 
badge, lateral v iew. (IS) M ale, cephalic plate. ( 16) Female, cephalic plate. (17) M ale, detail o f mamelon. (18) M ale, detail of accessor y hook of 
gubernaculum. ( 19) M ale, 3 pairs of caudal pedunculate papillae, accessory hook of gubernaculums, and w il , ventra l view. 
An important diagnostic feature to separate species is the shape and 
structure of the accessory hook of the gubernaculum. Syp/lacia (S)'.) 
venleli , S. (Sy.) OIyzomae, and S. (S)'.) odi/baillae have an accessory 
hook w ithout any ornamentation; S. (S),.) alella, S. (Se.) criceli ; S. (Se.) 
oryzomyos, S. (Se.) p ity llolios, and S. (Se.) evagilla la have an accessory 
hook w ith ornamentation covering its w hole surface, whereas in S. ( y.) 
carLi lOsi n. sp., the ornamentation is only observed on the edges of the 
hook ( lateral sur face) (see Table I). 
The species described here has a horter picule than S. (Se.) criceli 
and S. (Se.) OIy:omyos. The tai l of the males of S. (S)'.) car/ilosi n. sp. 
is similar in length to S. ( y.) a lClla and S. (Sy.) vellle/i, but longer than 
the remaining species. In addition, S. (S),.) vellle/i , S. (Se.) sigmodoni, 
S. (S),.) OIyzolllae, and S. (Sy.) odi/bail/ae can be differentiated from S. 
(Sy.) carlilosi n. p. by having a shorter tail in females. 
Syphacia (S)'.) a /ala is the species most similar to S. (S)'.) carlilosi . 
However, these species di ffer in the length of the body ( 1.5- 1.86 vs . 
• 
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FIG RES 20-23. Scanning electron micrographs of Syphacia (Syphacia) carlitosi n. sp. (20) Female, alllerior extremity wi th cerv ica l alae 
developed, ventral view. (21) Female, cervica l alae and cuticular fo ld, lateral view. (22) Female, detail of cuticular fold. (23) Female, posterior 
ex tremity w ith cuticular fo ld, lateral view. 
0.9- 1.5, respectively), the distance between amphids (approx imately 42 
vs. 25-35), and the distance to the excretory pore (400 vs. 200- 300) 
in the males. [n the females, the distance from the cerv ica l alae to the 
anterior end (60 vs. 25-40), and the width of the cer v ica l alae (45 -vs. 
3 1- 35) differ. A lso, they differ in the size and the ornamelllation of the 
accessory hooks of the gubernacula, and the di tance between the mam-
elons; the mamelons of S. (S)'.) alata are equidistant. (Quelllin, 1968). 
DISCUSSION 
Scanning electron micro copy has rarely been utili zed in the 
tudy of Syphacia spp. Jts use here ha~ demon trated its value 
as a tool to obtain and clarify new diagno tic character . Struc-
tures such as the shape of cephalic plate, details and distributi on 
of ubmedian papi l lae and amphids, fine points of cervical alae, 
and shape and structure of the acces ory hook o f the gubernac-
ulum are poorly vi suali zed under light microscopy, but become 
clear with the SEM . 
The de cripti on of S. (Sy.) carlirosi was based on a large 
number of specimen from 3 provinces of Argentina. Although 
some morphometric difference between the specimens of the 
2 subspecies of A. azarae were ob erved, they are considered 
as intraspecific variations because of the influence of the host . 
Previously, the species of Syphacia from sigmodontine ro-
dents have all been described from hosts of different tribe of 
the Sigmodontinae, primaril y from the tribe Oryzomini ( includ-
ing the genera Necromys, Melanomys, Oligoryzomys, Sigmo-
donromys, Oryzomys, and Zygodonror,.,ys). Thi is the second 
record of Syphacia from the tribe Akodontini. Future studies 
will analyze the relati onship of Syphacia spp. to the phyloge-
netic pattern of their host in Argentina. 
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BOOK REVIEW . .. 
Tropical Infectious Diseases: Principles, Pathogens & Practice, Sec-
ond edition, 2006. Edited by R. Guerrant, D. Walker and P. Weller. 
Published by Churchhill Livingstone, Elsevier, Inc., 1936 pages (2 vol-
umes). ISBN-13: 9780443066689, $329.00 hardcover. 
The chapters in this book are written by a number of excellent au-
thors, and are edited by 3 outstanding scientists. The first volume con-
tains some 15 different chapters, that discuss the principles of tropical 
infectious diseases. The first chapter deals with the principles of para-
sitism: host-parasite interactions and the last chapter concerns the prin-
ciples of surveillance for emerging infectious diseases and for bioter-
rorism threats. In between these 2 chapters, are included epidemiology 
and biostatistical tools; vector biology; animal and plant toxins; im-
munology; chemotherapy, etc. Each chapter is well written and contains 
a wealth of information for the interested reader. My 2 favorite chapters 
in this initial section are: "Social & cultural factors in tropical medicine: 
refrarning our understanding of disease", which I believe is must read-
ing for any serious student of tropical infectious diseases; and "Disease 
eradication and control", which I believe gives a very realistic view of 
infectious disease control and eradication. Again, I believe this chapter 
is an important discussion of this topic. It is written by a distinguished 
scientist and is also a must for those interested in infectious disease 
control. 
The section on principles is followed by a series of chapters on in-
dividual infectious diseases, beginning with bacterial and mycobacterial 
diseases. There are some 28 individual chapters in this section discuss-
ing the enteric Escherichia coli infections; typhoid fever; cholera; diph-
theria; tuberculosis; and anthrax to name just a few. The format for 
each chapter is similar. It begins with a brief introduction, followed by 
a description of the infectious agent, the epidemiology of the infection, 
the clinical disease(s), pathogenesis and immunity, diagnosis, treatment, 
prevention and control, followed by an extensive and up to date refer-
ence section. 
The section on bacterial and mycobacterial infections is followed by 
sections on spirochaetal infections (3 chapters), chlamydial infections 
(3 chapters); rickettsial and Ehrlichial infections (5 chapters); viral in-
fections (21 chapters), and a separate section devoted to retroviral in-
fections. The section on the retroviral infections completes Volume 1. 
Volume 2 continues the description of individual infectious diseases 
and begins with 9 chapters on fungal infections. This is followed by 
sections and chapters on protozoan diseases (12 Chapters), nematode 
infections (14 chapters), cestode infections (4 chapters), trematode in-
fections (2 chapters) and finally a chapter on ectoparasitic infections. 
Following the chapters on individual infectious diseases, there is a sec-
. tion labeled: "Practice: approach to the patient in the tropics". This 
section contains some 18 chapters discussing such topics as: gastroin-
testinal symptoms, fever and systemic systems, neurologic disease, de-
A I 
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lusional parasitosis, etc. Two of my favorite chapters in this section are: 
"Health advice for international travel" and "Migrant, immigrant and 
refugee health". The chapter on health advice is very complete and 
would be of interest to anyone who is traveling in the tropics. The 
chapter on migrant, immigrant and refugee health is in my opinion very 
timely as we watch almost daily on our TV's the increasing migrant 
population and the ever-enlarging refugee popUlations. As noted all of 
the chapters are well written, have extensive reference lists and contain 
a wealth of information. 
As good as the text is, it is not perfect. First, in my opinion, a number 
of the figures are poorly labeled and cannot stand alone. Second, there 
is at least one important error that I spotted; it is stated in one of the 
beginning chapters that there are no intracellular helminthic infections. 
This, of course is wrong, and is later contradicted in the chapter by 
Bruschi and Murrell on trichinellois. However, my major criticism of 
the text is that it is directed much more towards the student of medicine 
than the student of public health or parasitology. The descriptions of 
the clinical diseases, the treatments and pathology of the infections are 
excellent; however, the sections on prevention and control are generally 
very limited and at times almost appear as an after thought. I will use 
the chapter on African trypanosomiasis as one example because of all 
the tropical infectious diseases; it is the one that I know the best. First, 
let me point out that the chapter is very well written by 2 experts in 
the field. It is easy to read and very up to date. The sections on the 
clinical disease(s), treatment, etc. are excellent, so what is missing? 
From my perspective, the amount of information on the basic biology 
of the host-parasite relationship is limited. Even more important, the 
whole topic concerning control and prevention is reduced to approxi-
mately 'h of a page and there is basically no information of the various 
methods of fly control or tsetse biology. The chapter, therefore, covers 
'h of the entire story of African trypanosomiasis. Similar comments 
could be made for most of the other chapters on individual infectious 
diseases. In fairness to the editors and chapter contributors, this book 
was written primarily for students of tropical medicine. 
Even with the above criticism, this book is a very valuable contri-
bution to tropical medicine and one that achieves its' primary objective, 
which is to educate students and practioneers of tropical infectious dis-
eases. For those who will practice medicine in the tropics, it will be-
come essential reading. For those like me, who are interested in the 
biology of the host-parasite relationship, it will also be a valuable ad-
dition to our libraries. However, it will require supplementary material 
from other resources to complete the picture for many of the infectious 
diseases. 
Richard Seed, Professor Emeritus, Department of Epidemiology, 
School of Public Health, University of North Carolina-Chapel Hill, 
Chapel Hill, North Carolina 27599. 
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ACANTHOCEPHALA IN AMPHIBIANS (ANURA) AND REPTILES (SQUAMATA) FROM 
BRAZIL AND PARAGUAY WITH DESCRIPTION OF A NEW SPECIES 
Lesley R. Smales 
School of Biological and Environmental Sciences, Central Queensland University, Rockhampton, Queensland 4702, Australia. 
e-mail: I.warner@cqu.edu.au 
ABSTRACT: In a survey of 1,732 amphibians and reptiles collected across Sao Paulo Province, Brazil, and 7 provinces in Paraguay, 
26 species were found infected with acanthocephalans. Of 1,510 anurans, 14 anurans, representing 11 species, were infected with 
cystacanths of Centrorhynehus spp. and 1 anuran with cystacanths of Oligacanthorhynchus sp. Of 107 lizards, I lizard was 
infected with cystacanths of Centrorhynehus sp, and 1 lizard with cystacanths of Oligaeanthorhynehus sp. Aeanthoeephalus 
easpanensis was found in 3 anurans (3 species) and Aeanthoeephalus lutzi in 3 anurans (2 species) and 2 snakes (2 species). 
The systematic position of A, lutzi cannot be resolved using presently available morphological data. Aeanthoeephalus saopaulensis 
n. sp. was found in a single individual of Bufo ieterieus. The new species can be differentiated from all its congeners except A. 
ca'\lJanensis in having a sigmoid-shaped male posterior end and from A. easpanensis in having a proboscis armature of 16 rows 
of 5-7 hooks rather than 18-19 rows of 6-7 hooks and larger eggs. The status of Aeanthoeephalus and Pseudoaeanthoeephalus 
continues to be problematic. 
The South American Acanthocephala from amphibians and 
reptiles are not well known. A small number of reports from 
Brazil have been published, including Travassos (1920, 1926), 
Machado-Filho (1947, 1968, 1970), Hartwich (1956), Vicente 
(1978), Stumpf (1983), Rodrigues (1986), Rodrigues et aL 
(1990), Catto and Amato (1994), Azevedo-Ramos et aL (1998), 
Vrcibradic et al. (200 I, 2002), and Bursey and Goldberg 
(2004). To my knowledge there have been no reports from Par-
aguay, neither cystacanths nor adults reported from frogs, toads 
(Anura), snakes, or lizards (Squamata). 
Between 1982 and 1989, the Museum d'Histoire Naturelle, 
Geneva, Switzerland (MHNG), sponsored a series of surveys 
of the vertebrate fauna of the Sao Paulo Province of Brazil and 
across 7 provinces of Paraguay. As part of this program, hel-
minths were collected from amphibians and reptiles, including 
9 species of snakes, 2 species of lizards, and 15 species of frogs 
and toads. 
In this article, the acanthocephalans are documented; new 
host and geographic locations are reported; the systematic po-
sition of AcanthocephaZus Zutzi (Hammon, 1891) is discussed; 
a new species of AcanthocephaZus is described; and the equiv-
ocal status of the genera AcanthocephaZus Koelreuther. 1771 
and PseudoacanthocephaZus Petrochenko, 1956 is noted. 
MATERIALS AND METHODS 
Overall, 1,732 amphibians and reptiles, including 1,510 anurans, 107 
lizards, and ] 15 snakes were examined. Specimens infected with acan-
thocephalans were found at the following localities in Brazil: Sao Paulo 
Province: Sao Paulo City, Moge das Cl)JZes, Vargem Grande Paulista, 
and Ibiuna. The localities in Paraguay included Alto Paraguay Province 
(Estancia Laguna General Diaz), Boqueron Province (Pozo Hondo on 
the Rio Pilcomayo), Concepcion Province (Estancia Santa Sofia and 
Estancia Primavera), Cordillera Province (Rio Piribebuy, 5 km north of 
Emboscada Nueva), Pte Hayes Province (Transchaco Road km 293 at 
level of Estancia Apendice; Rio Negro, 6 km north of Chaco-i; 20 km 
east to Puerto Militar; Transchaco Road, bridge on the Rio Aguay-
Guazu), ltapua Province (10 km south of Santa Maria), and Paraguari 
Province (3 km north of Carapegua). 
On dissection, all specimens were fixed with neutral buffered 4% 
formalin and stored in 75% ethanol. Before microscopic examination, 
all specimens were cleared in lactopheno] or beechwood creosote to be 
Received 10 May 2006; revised 9 July 2006; accepted 9 September 
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studied as wet mounts. All measurements, using an eyepiece micro-
meter, are given in micrometers, unless otherwise stated, with the range 
followed by the mean in parentheses. Illustrations were made with the 
aid of a drawing tube. 
Mean intensity and prevalence of infection were calculated for each 
host species. All specimens collected for this study are registered in the 
MHNG. 
RESULTS 
Acanthocephalans from 26 host species were found in the 
intestines (adults) and the body cavity (cystacanths), and are 
they are listed in Table L One individual of each of 28 hosts, 
i.e., 2 lizards, 10 snakes, and 16 frogs and toads was infected 
with adult specimens of AcanthocephaZus and/or cystacanths of 
Centrorhynchus sp. or Oligacanthorhynchus sp. Two individu-
als of each of 4 species of frogs and toads were infected with 
Acanthocephalus Zutzi or Centrorhynchus sp. cystacanths. The 
number of infected hosts per species, 1 or 2, was not related to 
the number of hosts dissected. Prevalences varied from 0.009% 
(105 hosts examined) to 100% (1 host examined) (Table I). 
Centrorhynchus spp. cystacanths were found in 6 species of 
snakes, 1 species of lizard, and 11 species of frogs and toads. 
Identification to species level was not possible, because most 
were encysted and proboscis hook formulae could not be de-
termined with any certainty. Of these, a snake, Liophis poecil-
ogyrus; a lizard, Tupinambis teguixin; a frog, LeptodactyuZus 
chaquaensis; and a toad, Bufo granuZosus, were infected with 
Centrorhynchus sp. A, with a proboscis hook formula of 30-
32 rows of 13-15 hooks, plus 7-10 spines. This proboscis ar-
mature is congruent with Centrorhynchus sp. cystacanths oc-
curring in toads of the genus Eupsophus from Chile, described 
by Torres and Puga (1996) as having 30-32 rows of 18-20 
hooks. A further 2 snakes, Helicops Zeopardinus and Leptophis 
ahaetulla, and a frog, HyZa nana, were infected with cysta-
canths of Centrorhynchus species B, the proboscis of which had 
irregularly disposed longitudinal rows of hooks and spines that 
could not be ascribed to any of the 8 species of Centrorhynchus 
listed by Golvan (1994) from American birds, which are the 
probable definitive hosts. 
Cystacanths of Oligacanthorhynchus sp. A, with 3 proboscis 
hooks per row, infected 1 species of snake, Philodryas pata-
goniensis, and a lizard, Ameiva ameiva, and OZigacanthorhyn-
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FIGURES 1-6. Acanthocephalus saopaulensis n. sp. (1) Anterior end, female, with the thorns of some proboscis hooks broken. Bar = 400 !Lm. 
(2) Proboscis hooks, lateral views. Bar = 25 !Lm. (3) Male. Bar = 2,000 !Lm. (4) Male posterior end, ventral view, showing sigmoid shape. Bar 
= 500 !Lm. (5) Female reproductive system. Bar = 200 !Lm. (6) Egg. Bar = 25 !Lm. 
TABLE I. Acanthocephala from amphibians and reptiles from Brazil and Paraguay collected between October 1982 and December 1988. w CD 
..". 
Reg. no Host field % Mean --I I 
Host INVE* no. Localityt Helminth Prevalence intensity m c-
O 
Squamata: Serpentes c ::IJ 
z 
Colubridae 
}> 
r 
0 
Echinanthera undulata Wied, 1824 39677 Bib 071 Ibiuna Centrorhynchus sp. 33.3 7 "Tl 
""0 
Helicops leopardinus Schlegel, 1837 38417 Py 7128 E Santa Sophia Centrorhynchus sp. B 33.3 }> 
::IJ 
Leptophis ahaetulla Linnaeus, 1758 38414 Py 5095 E Primavera Centrorhynchus sp. B 100 I }> (f) 
Liophis lineatus Linnaeus, 1758 38473 Py 4746 Rio Piribebuy Centrorhynchus sp. 50 3 =i 0 
Liophis poecilogyrus Wied-Neuwid, 1825 38474 Py 4720 Transchaco Rd Ian 293 Centrorhynchus sp. A 5.3 3 r 0 
Philodryas patagoniensis Girard, 1858 38471 Py 2056 Carapegua Centrorhynchus sp. 41.6 3 G) 
:< 38415 Py 6062 Puerto Militar Oligacanthorhynchus sp. A 41.6 2 < . 
4 0 Waglerophis merremi Wagler, 1824 39679 Bib 060 Vargen Grande Paulista Acanthocephalus lutzi 1.04 , 
Xenodon neuwiedii Gunther, 1863 39680 Bib 169 Moge das Cruces Acanthocephalus lutzi 11.1 CD 
.w 
Thamnodynastes strigatus Gunther, 1858 38413 Py 5288 E Laguna General Diaz Oligacanthorhynchus sp. 14.3 z 
0 
Squamata: Sauria 
.f\) 
Teiidae 
}> 
""0 
;:J:1 
Ameiva ameiva Linnaeus, 1758 38468 Py 3801 Rio Negro Oligacanthorhynchus sp. A 35.7 r 
f\) 
Tupinambis teguixin Linnaeus, 1758 .38416 Py 5244 E Laguna General Diaz Centrorhynchus sp. A 14.3 0 0 
--J 
Amphibia: Anura 
Bufonidae 
Bufo femandezae Gallardo, 1957 39681 Py 5264 E Laguna General Diaz Acanthocephalus caspanensis 8.3 5 
38460 Py 5272 E Laguna General Diaz Centrorhynchus sp. 8.3 
Bufo granulosus Spix, 1824 39678 Py 5270 E Laguna General Diaz Centrorhynchus sp. A 2.5 18 
39682 Py 5270 E Laguna General Diaz Acanthocephalus lutzi 5.0 3 
39683 Py 5279 
39684 Py 5277 E Laguna General Diaz Acanthocephalus caspanensis 2.5 
38462 Py 5280 E Laguna General Diaz Centrorhynchus sp. A 5.0 
38463 Py 5278 
Bufo ictericus Spix, 1824 38663, Bib 063 Sao Paulo City Acanthocephalus saopaulensis 33.3 22 
38664, 
38665, 
39685 
HyJidae 
Hyla nana Boulenger, 1889 38475 Py 2035 Carapegua Centrorhynchus sp. B 1.2 
Hyla sanbomi Schmidt, 1944 38472 Py 2641 E Santa Maria Centrorhynchus sp. 6.7 
Phyllomedusa sauvagii Boulenger, 1899 38461 Py 5694 E Santa Sophia Centrorhynchus sp. 7.7 I 
Scinax acuminatus Cope, 1862 39686 Py 5268 E Laguna General Diaz Acanthocephalus caspanensis 4.2 6 
Scinax nasica Cope, 1862 38464 Py 5649 Transchaco Rd, Rio Aguaray- Guazu Centrorhynchus sp. 1.4 
LeptodactyJidae 
Leptodactylus bufonis Boulenger, 1894 39687 Py 4631 Transchaco Rd Ian 293 Acanthocephalus caspanensis 4.8 
Leptodactylus chaquaensis Cei, 1950 38465 Py 5282 E Laguna General Diaz Centrorhynchus sp. A 1.1 
39688 Acanthocephalus sp. 1.1 
Leptodactylus elenae Heyer, 1978 38470, Py 2550 E Santa Maria Centrorhynchus sp. 5.0 
38476 Py 2619 
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chus sp. B, with 2 proboscis hooks per row, was found in a 
frog, Odontophrynus americanus. Although juvenile oligacan-
thorhynchs cannot be identified with certainty (Schmidt, 1972), 
the annature of Oligacanthorhynchus sp. A was congruent with 
that of either O. spira (Diesing, 1851) or O. taeniodes (Diesing, 
1851), both described from Brazilian snakes, including species 
of Philodryas (Yamaguti, 1963). 
REDESCRIPTION 
Acanthocephalus lutz; (Hamann, 1891) 
Diagnosis: Three males and 3 females from B. granulosis, 2 males 
from Leptodactylus podicipinus, 3 females from Waglerophis merremi, 
and 1 female from Xenodon neuwiedii with proboscis armatures of 12-
14 longitudinal rows of 5-6 hooks had the following measurements . 
Males: Trunk 4.23-7.3 mrn long; proboscis receptacle 603-805 long, 
195-255 wide; lemnisci 485-705 long; anterior testis 495-730 long, 
370-425 wide; posterior testis 510-645 long, 270-460 wide. Cement 
glands, 4, compactly arranged. 
Females: Trunk 9.35-12.75 long; proboscis receptacle 670-1,050 
long, 215-300 wide; lemnisci 670-737 long; eggs 75-86 long, 26-30 
wide; uterine bell to vulva 605 long (for comparative measurements, 
see Table II). 
Taxonomic summary 
Geographic and host range: This study extends the geographic range 
to Paraguay and the host range to include the colubrid snakes W. mer-
remi and X. neuwiedii and the anurans B. granulosus and L. podicipinus. 
Previously known from Argentina (Lajmanovich and Ferrato, 1995), 
Brazil (Hartwich, 1956), Peru (Tantalean, 1976), and Uruguay (Cordero, 
1933; Hartwich, 1956), A. lutzi is now recorded from Paraguay for the 
first time. This distribution occurs across an area influenced by the Rio 
Parana (Lajmanovich and Ferrato, 1995). 
Remarks 
The status of A. lutzi needs further clarification. Described by Hart-
wich (1956) as having only 4 cement glands; Golvan (1969, 1994) 
commented that it was therefore not a species of Acanthocephalus. Lent 
and Portes-Santos (1989) had the opportunity to study all the material 
identified as A. lutzi deposited in the Oswaldo Cruz Institute Collection. 
They noted that there were differences between specimens collected by 
Lutz in 1920 and the description of A. lutzi, based on Hartwich (1956), 
as given in Golvan (1969). Furthermore, the nature of the material was 
such that they were unable to determine the number of cement glands 
(Lent and Portes-Santos, 1989). The male specimens here designatedA. 
lutzi all had cement glands arranged in a tight cluster of 4 as determined 
by dissection. Neither Hartwich (1956) nor other authors reporting A. 
lutzi since Golvan (1969), including Lajmanovich and Ferrato (1995), 
Lajmanovich (1992), and Tantalean (1976) have been able to provide a 
definitive answer to the question of the number of cement glands for 
all the material ascribed to A. lutzi; hence, its correct generic designa-
tion. 
Acanthocephalus caspanens;s Fernandez and Ibarra, 1990 
Diagnosis: One male from B. granulosus, 2 males and 3 females 
from Bufo fernandezae, 1 female from Leptodactylus bufonis, and 1 
male from Scinax acuminatus with proboscis armature of 16-18 rows 
of 5-7 hooks and posterior end of the male specimens having the same 
sigmoid shape as described and figured by Fernandez and Ibarra (1990; 
figs 1, 2, 9). 
Males: Trunk 5.5-7 mm long; proboscis not fully everted; thorns of 
hooks I 72.6; II 85.8, 89.1; III 89.1, 75.9; IV 92.4, 85.8; V 89.1, 92.4 
long; proboscis receptacle 660-1,070 long, 255-370 wide; lemnisci 
655-805 long; anterior testis 605-835 long, 370-510 wide, posterior 
testis 505-850 long, 370-510 wide. 
Females: Trunk 6-12 mrn long; proboscis receptacle 870 long, 300 
wide; lemnisci 705 long; uterine bell to vulva 1,040 long; eggs 60-67.5 
long, 20-26.4 wide (see Table II for comparative measurements). 
396 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.2, APRIL 2007 
TABLE II. Comparative measurements* of A. acutispinus, A. caspanensis, A. correalimai, A. lutzi, A. saurius, A. ula, and A. saopaulensis. 
Trunk (mm) Length 
Width 
Proboscis Length 
Width 
Proboscis receptacle Length 
Width 
Lemnisci 
Testes anterior Length 
Width 
Testes posterior Length 
Width 
Female genital apparatus 
Egg Length 
Width 
Proboscis armature 
A. acutispinus 
4.5-7.46 
1.26-1.27 
310 
510-518 
1,100 
770 
12-14 rows 
5-8 hooks 
A. caspanensis 
0 
10.7-15.1 
1.01-1.89 
700-750 
260-360 
840-1,020 
335-525 
1,150-1,680 
670-950 
440-650 
570-950 
420-630 
« 
16.6-23.3 
1.26-1.76 
760-840 
335-430 
960-1,570 
240-580 
1,360-1,510 
60-72 
22-26 
18-19 rows 
6-7 hooks 
A. correalimai 
6-12 
0.7-1.35 
210-260 
80-92 
870 
300 
705 
1,040 
60-67.5 
20-26 
16 rows 
5 hooks 
* Measurements are taken from Hartwich (1956). Machado-Filho (1968, 1970), Golvan (1969), Fernandez and Ibarra (1990), Lent and Portes-Santos (1989), Lajman-
ovich and Ferrato (1995), Bursey and Goldberg (2003), and this study, and they are in micrometers unless otherwise stated. 
Taxonomic summary 
Host and geographic range: Originally described from Bufo spinu-
losus Weigmann, 1835, from the Chilean altiplane, the host range has 
been extended to 2 additional species from the genus Bufo as well as 
L. bufonis and S. acuminatus, and the geographical distribution has now 
been extended to Paraguay. 
Acanthocephalus sp. 
Diagnosis: Single male removed from frog L. chaquaensis, a new 
host record for the genus. Testes size (anterior testis 545 X 370; pos-
terior testis 480 X 400) congruent with either A. lutzi or A. caspanensis 
but proboscis missing and no specific determination possible. 
DESCRIPTION 
Acanthocephalus saopaulensis n. sp. 
(Figs. 1-6) 
General: Trunk cylindrical, smooth, width maintained throughont. 
Proboscis cylindrical, armed with 16 rows, 5-6 hooks, male, 6-7 hooks, 
female; thorn length in female I 85.8-113.9; II 75.9-113.9; III 102.5-
132.0; IV 112.5-128.7; V 102.5-140.7; VI 102.5-154.1 long. Proboscis 
receptacle cylindrical, double walled; cerebral ganglion at base. Lem-
nisci tubular, about same length as proboscis receptacle. 
Males (based on 9 specimens): Trunk 7.5-12.1 (10.1) mm long 1.23-
1.79 (1.47) mm wide. Proboscis partially inverted; proboscis receptacle 
1,055-1,190 (1,102) long 357-536 (4271 wide. Lemnisci 838-1,445 
(1,042). Testes ovoid, tandem in posterior quarter of body; anterior testis 
730-1,190 (956) long 510-782 (680) wide; posterior testis 765-1,140 
(946) long 527-800 (672) wide. Cement glands clavate, 6 in compact 
cluster. 
Females (based on 6 specimens): Trunk 13-23.5 (19.7) mm long 
1.65-2.4 (2.0) mm wide. Proboscis 680, 750 long, 400, 420 wide (2 
measurements); proboscis receptacle 1,020-1,700 (1,315) long 425-595 
(533) wide. Lemnisci 1,265-1,540 (1,420). Uterine bell to vulva 1,205 
long, genital pore sub-terminal. Eggs ellipsoidal, with fibrilla coat under 
outermost envelope, without polar prolongations, 89-102.3 (95.4) long 
26.4-33 (29.7) wide. 
Taxonomic summary 
Type host: Bufo ictericus Spix, 1824. 
Type locality: Sao Paulo City, Sao Paulo Province, Brazil. 
Site of infection: Intestine. 
Type specimens: MNHG INVE38663 holotype male, MNHG INVE 
38664 allotype female, MNHG INVE38665, 39685 paratypes 8 males, 
5 females, parts of 7 females. 
Etymology: The new species is named after the type locality. 
Remarks 
Acanthocephalus saopaulensis n. sp. most closely resembles A. cas-
panensis in having a sigmoid shaped male posterior end (Figs. 3, 4, this 
study; figs. 1, 2, 9 of Fernandez and Ibarra, 1990). The proboscis ar-
mature of A. saopaulensis differs from that of A. caspanensis in having 
16 rows of 5-7 hooks, not 18-19 rows of 6-7 hooks and larger eggs, 
89-102 long compared with 60-72. (Comparative measurements are 
given in Table II.) 
Acanthocephalus saopaulensis differs from all other species of Acan-
thocephalus previously described from South American amphibians and 
reptiles in having a sigmoid-shaped male posterior end. Acanthoce-
phalus saopaulensis further differs from A. correalimai Machado-Filho, 
1970, described only from females, in having a proboscis armature of 
16 rows of 6-7 hooks rather than 16 rows of 5 hooks, a much longer 
wider proboscis, shorter lemnsci, and larger eggs (Machado-Filho, 
1970; Lent and Portes-Santos, 1989). Although the published descrip-
tion of A. correalimai is lacking in detail, Lent and Portes Santos (1989) 
commented on the very slender proboscis of the paratype female they 
examined. This corroborates the measurements of the proboscis given 
by Machado-Filho (1970) and emphasizes the differences in proportions 
of.the proboscis between A. correalimai and A. saopaulensis. 
With a proboscis hook formula of 16 rows of 5-7 hooks, A. saopau-
lensis further differs from A. acutispinus Machado-Filho, 1968 with 12-
14 rows of 5-8 hooks (Machado-Filho, 1968; Lent and Portes-Santos, 
1989); from A. lutzi, with 14-16 rows of 6-7 hooks (Lent and Portes-
Santos, 1989; Golvan, 1969); from A. saurius Bursey and Goldberg, 
2003 with 10 rows of 6 hooks (Bursey and Goldberg, 2004); and from 
A. ula Lent and Portes Santos, 1989, with 16-20 rows of 7-8 hooks. 
Acanthocephalus saopaulensis has larger eggs than any of the above-
mentioned species, with the exception of A. acutispinus for which egg 
size was not given (Machado-Filho, 1968). The new species can be 
further differentiated from A. acutispinus and A. ula in having lemnisci 
about same length as proboscis receptacle, not longer, and from A. saur-
ius in having larger testes. (Comparative measurements are given in 
Table 11.) 
In the past, all South American species of Acanthocephalus sensu 
lato have been assigned to Acanthocephalus regardless of the detailed 
morphology of the parasite species or the ecology of the host. Acan-
TABLE II. Extended. 
A. lutzi A. saurius 
0 <jl 0 <jl 
8.3-13.8 14.5-20.5 3.8-6.0 4.2-8.0 
1.3-1.9 1.35-1.7 0.58-0.77 0.61-0.96 
525-730 840-1,000 250-340 280-370 
170-210 180-220 
800-840 950-1,000 340-700 450-590 
180-230 200-250 
950 690-730 340-670 320-450 
450 270-460 
180-280 
450 240-430 
180-270 
89 37-49 
24.5 11-15 
12-16 rows 10 rows 
6-7 hooks 6 hooks 
thocephalus saurius, for example, occurring in terrestrial lizards, was 
assigned to Acanthocephalus by Bursey and Goldberg (2003). These 
authors described neither the morphology of egg and acanthor nor the 
position of the female genital pore, characters that distinguish between 
the 2 genera. Accordingly, the new species described herein has been 
assigned to Acanthocephalus pro tern, despite having eggs without polar 
prolongations and the female genital pore subterminal, characters that 
are found in species of Pseudoacanthocephalus. Such inconsistencies 
need to be resolved before the validity of Pseudoacanthocephalus spp. 
can be determined. 
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NEOSYCHNOCOTYLE MAGGIAE, N. GEN., N. SP. (PLATYHELMINTHES: 
ASPIDOGASTREA) FROM FRESHWATER TURTLES IN NORTHERN AUSTRALIA 
Scott D. Snyder and Vasyl V. Tkach* 
Department of Biology, University of Nebraska at Omaha, Omaha, Nebraska 68182. e-mail: sdsnyder@mail.unomaha.edu 
ABSTRACT: Neosyehnoeotyle maggiae, n, gen., n. sp., (Aspidogastrea) is described from the pig-nosed turtle, Carettoehelys 
inseulpta, and reported from the Victoria River red-faced turtle, Emydura victoriae, all from the Daly River, Northern Territory, 
Australia. Neosyehnoeotyle n. gen. is differentiated from all aspidogastrean genera but one by the absence of a cirrus sac. The 
similar Syehnoeotyle also lacks a cirrus sac, but Neosyehnoeotyle n. gen. differs from the former genus by possessing a narrow, 
tapered anterior end, a ventral disk that covers the posterior end of the body, a genital pore that is displaced anteriorly, and a 
vas deferens that is less convoluted and less robust. Analysis of ribosomal DNA sequences demonstrates substantial sequence 
variability between representatives of Syehnoeotyle and Neosyehnoeotyle maggiae, n. gen., n. sp. It is possible that this new 
parasite may reach sexual maturity only in C. inseulpta. This is only the second aspidogastrean species reported from Australian 
freshwater turtles, 
Aspidogastrea are globally distributed trematodes found as 
adults in molluscs, fish, and turtles in both marine and fresh 
waters. Only 1 species of Aspidogastrea, Sychnocotyle kholo 
Ferguson, Cribb and Smales, 1999, has been reported from 
Australian freshwater turtles. Representatives of this species 
were found as adults in the intestine of the Macquarie turtle, 
Emydura macquarii, and as juveniles in both corbiculid clams 
(Corbiculidae) and thiarid snails (Thiaridae) (Ferguson et aI., 
1999). As part of an ongoing examination of parasite biodiver-
sity in Australian freshwater turtles, we report on a novel spe-
cies of Aspidogastrea that does not conform to Sychnocotyle or 
any other known aspidogastrean genus. 
MATERIALS AND METHODS 
Carettoehelys inseulpta and Emydura vietoriae were collected by 
hand from the Daly River, Northern Territory, Australia, in June 2005 
under a collecting permit from the Northern Territory Parks and Wildlife 
Commission. Several specimens of a new aspidogastrean species be-
longing to Aspidogastridae were collected from these turtles. Live 
worms were rinsed in saline, killed with hot water, and fixed in 70% 
ethanol. Specimens were stained with aqueous alum carmine, dehy-
drated in a graded ethanol series, cleared in clove oil, and mounted 
permanently in Damar balsam. 
Measurements were taken using a compound microscope using an 
ocular micrometer, Mean, standard deviation, and coefficient of varia-
tion (CV) were calculated according to Steel and Torrie (1980). The 
CV is a percentage value of the ratio of the standard deviation to' the 
mean of a particular metric character. Characters with lower CV have 
values that are more stable around the mean than those with higher CY. 
All measurements in micrometers unless otherwise stated. 
Specimens of S. kohlo were obtained from Krefft's turtle, Emydura 
krefftii, collected from the Ross River in northeastern Australia, near 
Townsville, Queensland, and an undescribed species of Syehnoeotyle 
was collected from Emydura vietoriae in the Daly River, Northern Ter-
ritory, Australia. Aspidogaster eonchieola'Baer, 1826, was collected 
from Unio spp. from the Dnieper River in Kiev, Ukraine. These spec-
imens were compared to specimens of the new species using morpho-
logical and molecular techniques. 
Specimens used for SEM were dehydrated in a graded series of eth-
anol and dried using hexamethyldisilazane (Ted Pella, Inc., Redding, 
California) as a transition fluid. The specimens were mounted on stubs, 
coated with gold, and examined using a Hitachi 4700 scanning electron 
microscope (Hitachi USA, Mountain View, California) at an accelerat-
ing voltage of 5-10 kYo 
Genomic DNA for molecular analysis was extracted from single eth-
Received 13 July 2006; revised 25 September 2006; accepted 25 Sep-
tember 2006. 
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anol-fixed specimens of the new species described in this work and 2 
species of Syehnoeotyle, following the protocol of Tkach and Paw-
lowski (1999). A fragment of nuclear ribosomal DNA at the 3' end of 
the 18S and including the entire ITS 1, 5.8S, and ITS2 regions and a 
fragment of the 5' end of the 28S (including variable domains DI-D3) 
was amplified by PCR on an Eppendorf Master Gradient thermal cycler 
using forward primer ITSF (5'-CGCCCGTCGCTACTACCGAT 
TG-3') and reverse primer 1500R (5'-GCTATCCTGAGGGAAACTT 
CG-3'). PCR primers, the internal forward primer digl2 (5' -AAGCAT 
ATCACTAAGCGG-3'), and the internal reverse primers ECD2 
(5'-CTTGGTCCGTGTTTCAAGACGGG-3'), d58r (5'-GTC GAT GTT 
CAA AGC AGT ATG C-3'), and 300R (5'-CAA CTT TCC CTC ACG 
GTA CTT G-3') were used in sequencing reactions. 
PCR reactions were performed according to protocols described by 
Tkach et al. (2003). PCR products were purified directly using Qiagen 
Qiaquick@l columns (Valencia, California), cycle-sequenced using ABI 
BigDye@l chemistry, alcohol-precipitated, and run on an ABI Prism 
3100@l automated capillary sequencer. Contiguous sequences were as-
sembled and edited using Sequenche~ (GeneCodes Corp., ver. 4.1.4) 
and submitted to GenBank under accession numbers EF015578 (Neo-
sychnoeotyle maggiae n. sp.), EFOl5579 (S. kholo), and EF015580 
(Sychnoeotyle sp.). Sequences were manually aligned and compared us-
ing the BioEdit program, version 7.0,1 (Hall, 1999). 
RESULTS 
Description 
Platyhelminthes; Aspidogastrea; Aspidogastridae; Aspido-
gastrinae. 
Neosychnocotyle n. gen. 
Diagnosis: Body elongate, nearly uniform in width, more 
narrow at anterior end than at posterior end. Tegument aspinose. 
Ventral disk wider than body; extends from just posterior to 
level of pharynx to slightly beyond posterior end of body. Ven-
tral disk with 12 transverse rows of alveoli separated by trans-
verse septa, each row divided by longitudinal septa to form up 
to 4 alveoli per row. Marginal bodies with small, thin-walled 
ampullae at both sides of each transverse septum. Oral sucker 
absent, prepharynx short, pharynx relatively large and oval. 
Esophagus distinct, leads to simple cecum, terminating near 
posterior body end. Testis single, median, postovarian, near pos-
terior body end. Cirrus and cirrus sac absent. Slightly convo-
luted vas deferens terminates in thick-walled pars prostatica. 
Genital atrium at level of posterior half of pharynx. Ovary 
slightly submedian, somewhat lobed. Ootype between testis and 
ovary. Uterus coiled. Metraterm poorly developed. Vitellarium 
consists of 2 lateral vitelline fields merging immediately pos-
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FI RE I . Neosycllllocotyle maggiae n. gen., n. sp. (A ) Ventral view of holotype. (8 ) Arrangement of alveoli on ventral disc. Scale bar: I 
mm. 
te ri or to te ti . Vite ll ine fi e lds do not merge ante riorly, vite ll ine 
reservoir present. Paras itic in the intestine of Austra lian fresh-
water turtles. • , 
Type species: Neosychnocotyle maggiae n. sp. 
DESCRIPTION 
Neosychnocoty/e maggiae n. sp. 
(Figs. 1, 2A, 28) 
Description based on 6 adult specilllens: M easurements of holotype 
given in tex t; measurements of entire type series given in Table I. Body 
2.57 0101 , elongate, nearly uniform in width, with narrow anterior end 
and somewhat more rounded posterior end. Body margins nearly par-
allel (Fig. I ). Tegument aspinose. Ventral disk 2, 120 x 1,050, w ider 
than body; extends along 010 t o f body. Anterior margin of ventra l disk 
4 10 from anterior end, just po terior to level of pharynx (Figs. I , 2A ). 
Ventral disk ex tends beyond posterior end of body, in ventral v iew 
posterior end of body obscured by overhanging ventral disk . Ventral 
disk length :body length ratio 0.83: I . Ventral disk w ith 12 transverse 
rows of alveoli separated by transverse septa, alveoli w ithin rows sep-
arated by longitudinal septa. First (anterior most) row consists of I 
alveolus, second row 3 alveoli, third through ninth rows each w ith 4 
alveol i , rows 10 and II with 3 alveoli , and the twelfth and most pos-
FIG RE 2. (A, 8 ) A nterior end of Neosycl/l1oco(yle lIIaggiae n. gen., n. sp. Note numerous papillae and the genital pore at middistance between 
the ora l open ing and the ventral disc. (e ) Sychnocotyle kllolo. (0 , E) Anterior end of Aspidogaster cOl1cllicola. Scale bars: A = 500 !Lm; B = 
100 !Lm; = 500 !Lm; 0 = 200 !Lm ; E = 100 f.1m. 
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TABLE I. Metric data for Neosychnocotyle maggiae n. gen., n. sp. 
Characters n 
Body length 6 
Body width 6 
Ventral disk length 6 
Ventral disk width 6 
Anterior margin ventral disk from anterior end 6 
Ventral disk length: body length 6 
Anterior end width 6 
Prepharynx length 6 
Pharynx length 6 
Pharynx width 6 
Esophagus length 6 
Testis length 6 
Testis width 6 
Testis to posterior end of ventral disk 6 
Pars prostatica length 4 
Pars prostatica width 4 
Genital atrium to anterior end 6 
Ovary length 4 
Ovary width 4 
Ovary to testis 5 
Number of eggs in uterus 6 
Anterior margin vitelline fields to anterior end 6 
Egg length 15 
Egg width 15 
* Coefficient of variation 
terior row with 2 alveoli. Marginal bodies at both sides of each trans-
verse septum. Ampullae of marginal bodies small and thin walled. 
Oral sucker absent, anterior end tapered, 290 wide at midpoint of oral 
opening. Mouth opens into very short, almost indistinct prepharynx. 
Pharynx 150 X 130, large, oval, elongated along anterior-posterior body 
axis. Esophagus distinct, 60 long, thick walled. Cecum simple, termi-
nating blindly at posterior margin of testis, dorsal to reproductive or-
gans. 
Testis 260 X 290, single, median, postovarian, 290 from posterior 
end of ventral disk, with rounded posterior end and concave anterior 
surface. Cirrus and cirrus sac absent. Portion of vas deferens anterior 
to vitelline fields slightly convoluted. Vas deferens terminates in thick-
walled, muscular pars prostatica, 90 X 70 pars prostatica empties into 
genital atrium. Genital atrium at 310 from anterior end of body, ventral 
to pharynx, ranging from midlevel to posterior margin of pharynx. 
Ovary 135 X 145, slightly submedian, slightly lobed, 200 anterior of 
testis. Ootype between testis and ovary, slightly dextral. Laurer's canal 
not visible in whole mounts. Uterus coiled, with up to 15 eggs. Weak, 
thin-walled metraterm begins posterior to seminal vesicle. Vitellarium 
consists of 2 lateral vitelline fields merging immediately posterior to 
testes. Lateral vitelline fields do not merge anteriorly and are comprised 
of large globular follicles. Anterior margin of vitelline fields at 860 from 
anterior end of body, Left and right com~on vitelline ducts merge to 
form pronounced vitelline reservoir immediately anterior to testis. Eggs 
175 X 95, operculate. 
Taxonomic summary 
Type host: Pig-nosed turtle, Carettochelys insculpta (Ramsay, 1886) 
(Chelonia: Cryptodira: Carettochelyidae). 
Other host: Victoria River red-faced turtle, Emydura victoriae (Gray, 
1842) (Chelonia: Pleurodira: Chelidae). 
Type locality: Daly River, near 001100 Crossing, Northern Territory, 
Australia, 14°00.31'S, 131°14.46'E. 
Site of infection: Intestine. 
Prevalence and intensity of infection: Four of 4 C. insculpta were 
infected with 1 to 3 worms and 1 of 5 E. victoriae was infected with 
3 immature worms. 
Specimens deposited: The type series consists of 6 fully mature spec-
Min-max Mean StD CV* 
2,120-2,570 2,335.0 177.2 7.6 
510-680 591.7 68.2 11.5 
1,750-2,170 1,988.3 157.4 7.9 
740-1,050 906.7 104.1 lI.5 
270-430 366.7 55.7 15.2 
0.82-0.92 0.9 157.4 7.9 
260-290 282.5 11.7 4.2 
0-10 1.7 4.1 244.9 
140-150 145.8 3.8 2.6 
115-130 123.3 6.1 4.9 
50-60 53.3 4.1 7.7 
220-260 245.0 13.8 5.6 
230-300 265.8 26.9 10.1 
235-380 301.7 52.0 17.2 
75-90 83.8 7.5 9.0 
60-70 65.0 4.1 6.3 
280-320 301.7 14.7 4.9 
125-135 130.0 4.1 3.1 
130-140 132.5 5.0 3.8 
190-225 203.0 14.8 7.3 
1-15 8.0 5.7 70.7 
580-860 708.3 121.1 17.1 
165-180 172.7 5.0 2.9 
87-100 94.1 3.6 3.8 
imens. Holotype: Queensland Museum (QM) no. G227473. Paratypes: 
QM nos. 227474 and 227475, Harold W. Manter Laboratory (HWML) 
nos. 48419 and 48420. Three juvenile worms deposited HWML48421 
and HWML48422. Slides labeled identically: ex. Carettochelys insculp-
ta, Daly River, Northern Territory, Australia, June 2005. 
Etymology: The generic name reflects the similarity of this genus to 
Sychnocotyle. The specific name is in honor of valuable field assistant 
Maggie Snyder, who helped collect these and many other Australian 
worms. 
Remarks 
Immature worms showed the general morphological characteristics 
of the adult parasites, including the position of developing gonads. Phar-
ynx length, the size of the ovary, and egg size were the most stable 
among metric characters, as revealed by the coefficient of variation 
(Table I). 
Based on overall morphology the new species is clearly circum-
scribed within Aspidogastrinae (sensu Rohde, 2002) and most similar 
to S. kholo, the only known species of Sychnocotyle. The morphology 
of the ventral disk (number of alveoli) resembles both Sychnocotyle and 
Aspidogaster (Figs. 2D, E). However, species of Aspidogaster possess 
a cirrus sac (Rohde, 2002), a character lacking in both N. maggiae n. 
sp. and S. kholo. Despite the similarities between these 2 species there 
exist numerous differences. 
In S. kholo, the genital pore is at the anterior junction of the body 
and the ventral disk (Ferguson et al., 1999), whereas in the new species 
the genital pore is anterior of this junction, at the level of the pharynx. 
The anterior end of the body of S. kholo is funnel shaped and wider 
than the posterior end (Fig. 2C). The anterior end of N. maggiae n. sp. 
is tapered and considerably narrower than the posterior end (Fig. I). 
The ampullae of the marginal bodies of S. kholo are thick walled and 
pronounced under microsocopic examination, whereas these structures 
are much less prominent in the new species. The ventral disk of N. 
maggiae n. sp. extends further posterior than in S. kholo and covers the 
posterior end of the body. In the latter species, the body extends pos-
terior of the ventral disk. The vas deferentia in the 2 species also differ 
substantially; in S. kholo, this structure is much more robust and con-
voluted than in the new species. The number of eggs in the uterus of 
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the new species (up to 15) is much greater than that observed for S. 
kholo (up to 5). Based on these and other differences we propose a new 
genus, Neosychnocotyle, with N. maggiae n. sp. as the type and only 
species. 
As part of this study, we sequenced a 2,454 bp fragment of the nu-
clear ribosomal DNA gene from N. maggiae n. sp. and 2 species of 
Sychnocotyle, S. kohlo and Sychnocotyle sp. (an undescribed species). 
Alignment of the sequences required the inclusion of very few gaps, 
which suggests that these 3 species are closely related. In the 572 bp 
fragment of the ITS1, sequences of the 2 Sychnocotyle species varied 
at only 6 positions, whereas N. maggiae n. sp. differed at 78 positions 
from Sychnocotyle sp. and 76 positions from S. kohlo. In 397 bases of 
the ITS2, N. maggiae n. sp. differed from Sychnocotyle sp. and S. kohlo 
by 43 and 38 bases, respectively. The 2 species of Sychnocotyle differed 
from one another in the ITS2 at 11 of 397 bases. Across 1,328 bases 
of the 28S rDNA the 2 species of Sychnocotyle differed by 5 bases, 
whereas N. maggiae n. sp. differed from Sychnocotyle sp. by 51 bases 
and from S. kohlo by 56 bases. The substantial level of sequence var-
iability between N. maggiae n. sp. and the 2 species of Sychnocotyle 
strongly supports the status of Neosychnocotyle as a new genus. 
Specimens of N. maggiae n. sp. are placed in the genus Sychnocotyle 
according to the most recent key to the Aspidogastrea (Rohde, 2002). 
To assist investigators using this key we suggest the following amend-
ments: 
4b Papillae on adhesive disc absent. . . . . . . . . . . . . . . . . . . . .. 5 
5a Genital pore at anterior junction of body and ventral disk; an-
terior end wider than posterior end ................ . 
. . . . . . . . . .. Sychnocotyle Ferguson, Cribb & Smales, 1999 
5b Genital pore at level of pharynx, anterior of junction of body 
and ventral disk; anterior end much narrower than the poste-
rior end ........................... Neosychnocotyle 
Neosychnocotyle maggiae n. sp. is only the second freshwater aspi-
dogastrean species reported from Australia and the first from Northern 
Territory. These parasites were found in both pig-nosed turtles, C. in-
sculpta, and Victoria River red-faced turtles, E. victoriae. Carettochelys 
insculpta is the only representative of the Cryptodira (hidden-necked 
turtles) found in Australia and is considered to be a recent migrant to 
the continent, arriving less than 15,000 yr ago (Cogger and Heatwole, 
1981). Like all other Australian turtles, E. victoriae represents Pleuro-
dira (side-necked turtles). These 2 turtle lineages are thought to have 
diverged some 200 my a (Gaffney and Kitching, 1994), and the ability 
of N. maggiae n. sp. to parasitize such an evolutionarily diverse range 
of turtles seems remarkable at first glance. However, only 1 of 5 E. 
victoriae was infected, and the 3 specimens found in this turtle were 
not gravid. All 4 C. insculpta were infected, and 3 of 4 harbored gravid 
worms. 
The relatively low prevalence and lack of mature worms in E. vic-
toriae suggests that Victoria River turtles may be unsuitable hosts. of 
N. maggiae n. sp. Indeed, the other 2 pleurodiran turtles, Elseya dentata 
and Chelodina rugosa, collected syntopically with E. victoriae and C. 
insculpta did not harbor N. maggiae n. sp. The absence of the new 
species from El. dentata may be another indication that these parasites 
cannot reach maturity in Pleurodira. In the Daly River, C. insculpta feed 
almost exclusively on ribbonweed, Vallisneria spiralis, a major com-
ponent of the diet of E. dentata in this river (see Tkach and Snyder, 
2006). As a result of eating V. spiralis, bot!,I,turtle species ingest large 
numbers of snails (S. Snyder, unpubI. obs.), one of the hosts of S. kholo, 
the other Australian freshwater aspidogastrid (Ferguson et aI., 1999). 
This information suggests that C. insculpta, E. victoriae, and El. dentata 
come into contact with the infective stages of N. maggiae n. sp., but 
that this aspidogastrean reaches sexual maturity only in C. insculpta. 
As mentioned above, S. kholo utilizes thiarid snails and corbiculid 
clams as intermediate hosts and apparently requires ingestion by a fresh-
water turtle to reach sexual maturity (Ferguson et aI., 1999). Other as-
pidogastrean species found in turtles also appear to use molluscs as 
intermediate hosts, or develop into adults in molluscs and use verte-
brates as facultative hosts when both mollusc and parasite are ingested 
(Ward and Hopkins, 1931; Wharton, 1939; Hendrix and Short, 1972; 
Rohde, 1972). The putative molluscan host of N. maggiae n. sp. is 
unknown, although over 100 unidentified prosobranch snails were col-
lected from V. spiralis in the Daly River and crushed. This examination 
revealed no parasites, but the morphological similarity between the new 
species and S. kholo suggests that further examinations of both snails 
and corbiculids provide the best opportunity for uncovering the life 
cycle of N. maggiae n. sp. 
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APTORCHIS MEGACETABULUS N. SP. (PLATYHELMINTHES: DIGENEA) FROM THE 
NORTHERN LONG-NECKED TURTLE, CHELODINA RUGOSA (PLEURODIRA: CHELlDAE), 
IN AUSTRALIA 
Vasyl V. Tkach and Scott D. Snyder* 
Department of Biology, University of North Dakota, Grand Forks, North Dakota 58202. e-mail: vasyl.tkach@und.nodak.edu 
ABSTRACT: Aptorchis megacetabulus n. sp. is described from the intestine of the northern long-necked turtle, Chelodina rugosa 
(Pleurodira: Chelidae), in Northern Territory, Australia. This is the first helminth species reported from C. rugosa. This plagior-
chioidean digenean differs from the 3 previously known species of Aptorchis in the relative size of the ventral sucker, overall 
body proportions, nature of the cirrus sac, and egg size. Comparison of approximately 2,700 bases of ribosomal DNA obtained 
from all known Aptorchis species strongly supports the status of Aptorchis megacetabulus n. sp. as a new species. 
Aptorchis is currently represented by 3 species, all recovered 
from Australian freshwater turtles. Nicoll (1914) described Ap-
torchis aequalis from the saw-shelled turtle, Eiseya latisternum, 
in northern Queensland. Jue Sue and Platt (1999) proposed a 
new genus Dingularis with 3 species, Dingularis anfracticirrus, 
Dingularis pearsoni, and Dingularis mega pharynx. Dingularis 
anfracticirrus was later synonymized with Aptorchis aequalis, 
and D. pearsoni and D. megapharynx were transferred into Ap-
torchis by Platt and Jensen (2002). In addition to E. latisternum, 
A. aequalis has been reported from Krefft's river turtle, Emy-
dura krefftii, and the Murray turtle, Emydura macquarii. These 
reports have come from northern and southern Queensland, 
with a single report from northern New South Wales (Jue Sue 
and Platt, 1999; Platt and Jensen, 2002). Aptorchis pearsoni and 
A. megapharynx are both reported from the broad-shelled river 
turtle, Chelodina expansa, in southern Queensland (Jue Sue and 
Platt, 1999). The current report describes a new species of Ap-
torchis from the northern snake-necked turtle, Chelodina ru-
gosa, in Northern Territory, Australia. 
Chelodina rugosa Ogilby, 1890, is distributed across tropical 
northern Australia and lives in variety of aquatic habitats in-
cluding swamps, rivers, and billabongs (Cogger, 2000). These 
turtles are carnivorous, primarily feeding on aquatic arthropods 
and fish (Kennett and Tory, 1996), food items that should bring 
these turtles into contact with the infective stages of a number 
of helminth parasites. To date, however, no published reports 
exist of helminths from C. rugosa. In May of 2004 and May 
and June of 2005, we undertook a preliminary survey of par-
asites of C. rugosa in Northern Territory, Australia. A number 
of nematodes, cestodes, and digeneans were recovered, most of 
which appear to be new to science. Herein we describe a new 
species of Aptorchis from this collec}ion, the first helminth spe-
cies reported from C. rugosa. 
MATERIALS AND METHODS 
In 2004, 2 C. rugosa were collected from the Mary River on the 
Opium Creek Station in a baited crab trap. In 200S, 4 C. rugosa were 
collected by hand from the Daly River, near 001100 Crossing, and I C. 
rugosa was collected by hand from the Daly River near the town of 
Daly River. All localities are in Northern Territory, Australia; collection 
proceeded under permits from the Northern Territory Parks and Wildlife 
Received 13 July 2006; revised 23 September 2006; accepted 2S Sep-
tember 2006. 
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Commission. Seven adult and 3 juvenile specimens of a new digenean 
species belonging to Aptorchis were recovered from the intestine of 3 
C. rugosa. Live worms were rinsed in saline, briefly examined prior to 
fixation, killed with hot water, and fixed in 70% ethanol. Specimens 
were stained with aqueous alum carmine, dehydrated in a graded eth-
anol series, cleared in clove oil, and mounted permanently in Damar 
balsam. 
Measurements were taken from a compound microscope using an 
ocular micrometer. All measurements are in micrometers (/Lm) unless 
otherwise stated. Mean, standard deviation, and coefficient of variation 
(CV) were calculated according to Steel and Torrie (1980). The CV is 
a percentage value of the ratio of the standard deviation to the mean of 
a particular metric character. Characters with lower CV have values that 
are more stable around the mean than those with higher cv. 
Specimens of all 3 previously known Aptorchis species were col-
lected for comparative morphological and molecular analysis from New 
South Wales and Queensland under permits from appropriate state agen-
cies, and voucher specimens deposited (Table I) in the Harold W. Man-
ter Laboratory (HWML), University of Nebraska, Lincoln. Type and 
voucher specimens were examined from the collection of the Queens-
land Museum (QM), Brisbane, Queensland, Australia: Aptorchis ae-
qualis GL11844, QM G218820-G218822, G21S048-G21S0S0; Aptor-
chis megapharynx QM G21S06S-G21S066; Aptorchis pearsoni QM 
G21S0S7-G21S060. 
Genomic DNA for molecular analysis was isolated from specimens 
of Aptorchis megacetabulus n. sp. and 3 other Aptorchis species ac-
cording to Tkach and Pawlowski (1999) or using the Qiagen DNAeasy 
tissue kit (Qiagen, Inc., Valencia, California) following the manufac-
turer's instructions. A single adult worm was used for each DNA ex-
traction upon preliminary morphological identification. DNA fragments 
of approximately 2,700 base pairs and spanning the 3' end of 18S nu-
clear rDNA gene, internal transcribed spacer region (ITSI + S.8S + 
ITS2), and S' end of the 28S gene (including variable domains DI-D3) 
were amplified by PCR on an Eppendorf Master Gradient thermal cycler 
using forward primer ITSf (S'-CGCCCGTCGCTACTACCGATTG-3') 
and reverse primer IS00R (S'-GCTATCCTGAGGGAAACTTCG-3'). 
PCR primers and several internal primers were used in sequencing re-
actions. Internal forward primers: digl2 (S'-AAGCATATCACTAAGC 
GG-3'), 300F (S'-CAAGTACCGTGAGGGAAAGTTG-3'), 900F 
(S'-CCGTCTTGAAACACGGACCAAG-3'); internal reverse primers: 
300R (S'-CAACTTTCCCTCACGGTACTTG-3'), digl2r (S'-CCGCTT 
AGTGATATGCTT-3'), ECD2 (S'-CTTGGTCCGTGTTTCAAGACG 
GG-3'). PCR reactions were performed according to protocols described 
by Tkach et al. (2003). 
PCR products were purified directly using Qiagen Qiaquick@' col-
umns, cycle-sequenced using ABI BigDye@ chemistry, alcohol-precip-
itated, and run on an ABI Prism 3100® automated capillary sequencer. 
Contiguous sequences were assembled and edited using Sequencher® 
(GeneCodes Corp., ver. 4.1.4) and submitted to GenBank (see Table I). 
Sequences were manually aligned and compared using the BioEdit pro-
gram, version 7.0.1 (Hall, 1999). 
DESCRIPTION 
Aptorchis megacetabulus n. sp. 
(Figs. 1-2) 
Description (based on 6 adult specimens): Measurements ofholotype 
given in text; measurements of entire type series given in Table II. Body 
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TABLE I. Species of Aptorchis, host, geographical origin, GenBank accession numbers, and HWML accession numbers. 
Digenean species Host species Geographic origin GenBank no. HWMLno. 
Aptorchis megacetabulus n. sp. Chelodina rugosa Mary River, Northern Territory EFOl4730 ~ML48423-48425 
Aptorchis pearsoni Chelodina expansa Murray River, Albury, New South EFOI4728 HWML48426 
Wales 
Aptorchis megapharynx Chelodina longicollis Yass River, Yass, New South Wales EFO 1 4727 ~ML48427 
Aptorchis aequalis Emydura krefftii Ross River, Townsville, Queensland EFOI4729 ~ML48428 
elongate, widest at its midpoint; body length 860, body width at level 
of ventral sucker 230. Body width 26.7% of body length. Tegument 
thick, heavily armed at anterior end; spines decrease in size and density 
as they extend to posterior end. Oral sucker rounded, subterminal, 85 
long X 95 wide, much smaller than rounded ventral sucker, 180 X 185. 
Ventral sucker situated in middle of body, surface covered with minute 
spines with 2 rings of larger spines at the periphery. Oral sucker/ventral 
sucker width 51.3%. 
Prepharynx 60 long, widening posteriorly. Muscular pharynx, 75 
long X 77.5 wide. Esophagus very short, sometimes almost indistinct, 
10. Esophagus is surrounded by a group of single-cell glands. Intestinal 
bifurcation 250 from anterior end of body. Ceca nearly reach the pos-
terior end of body terminating 65 from end. 
Testes 2, rounded, oblique, postovarian, ventral to ceca in posterior 
third of body, midway between ventral sucker and posterior body end. 
Left testis usually anterior to right testis. Left testis 65 long X 50 wide, 
right testis 70 X 57. Cirrus sac very large, 248 long, ventral to ceca, 
arching extracecally along one lateral margin (usually right) of ventral 
sucker. Base of cirrus sac just posterior or at level of posterior margin 
of ventral sucker. Cirrus sac with bipartite internal seminal vesicle, very 
large pars prostatica and cirrus. Evaginated cirrus not observed. Genital 
pore submarginal, 315 from anterior end of body. 
TABLE II. Metric data for Aptorchis megacetabulus n. sp. 
Character n 
Body length 4 
Body width 6 
Oral sucker length 4 
Oral sucker width 4 
Prepharynx length 4 
Pharynx length 6 
Pharynx width 6 
Esophagus 6 
Ventral sucker length 6 
Ventral sucker width 6 
End of cecum to posterior end 6 
Cecal bifurcation to anterior end 4 
Right testis length 6 
Right testis width 6 
Left testis length 
. , 6 
Left testis width 6 
Cirrus sac length 6 
Cirrus sac width 6 
Genital pore from anterior end 4 
Ovary length 6 
Ovary width 6 
Seminal receptacle length 6 
Seminal receptacle width 6 
Vitelline field-posterior body end 5 
Left vitelline field-ventral sucker 6 
Right vitelline field-ventral sucker 6 
Egg length 12 
Egg width 12 
* Coefficient of variation. 
Ovary small, 60 long X 45 wide, median or slightly submedian, 
usually spherical, dorsal to ceca, situated just posterior to proximal part 
of cirrus sac, near posterior margin of ventral sucker. Vitellarium con-
sists of small, irregularly shaped follicles, arranged in lateral fields part-
ly overlapping ceca or extracecal. Vitelline fields extend posteriorly, 
105 from posterior body end. Anteriorly, left vitelline field reaches 15 
from posterior margin of ventral sucker, right vitelline field reaches 30 
from posterior margin of ventral sucker. Vitelline fields not confluent. 
Seminal receptacle thick-walled, relatively large, 70 long X 60 wide, 
adjacent to ovary. Mehlis's gland ventral to seminal receptacle. Laurer's 
canal not visible in total mounts. Uterus inter- and postcecal, postace-
tabular; metraterm approximately as long as cirrus sac. Metraterm pass-
es dorsal to cirrus sac before opening into genital atrium. Eggs oper-
culate, 25 X 12.5. Excretory pore terminal; excretory vesicle reaches 
level of ovary. 
Taxonomic summary 
Type host: Northern long-necked turtle, Chelodina rugosa Ogilby, 
1890 (Chelonia: Pleurodira: Chelidae). 
Type locality: Daly River, near town of Daly River, Northern Terri-
tory, Australia, 13°44.33'S, 1300 41.12'E. 
Min-max Mean StD CV* 
860-1,070 938.8 141.3 15.1 
205-330 268.3 46.8 17.4 
65-95 83.8 13.1 15.7 
75-105 95.0 14.1 14.9 
45-100 71.3 23.9 33.6 
65-90 80.8 9.7 12.0 
60-90 79.6 12.3 15.4 
10-30 16.7 7.5 45.2 
150-210 184.2 19.6 10.6 
160-220 195.0 21.4 11.0 
35-65 50.8 10.7 21.1 
220-320 275.0 48.0 17.4 
70-100 80.8 10.7 13.2 
55-95 66.1 15.0 22.7 
65-105 81.7 14.7 18.0 
50-92.5 67.9 15.5 22.9 
248-450 314.6 72.8 23.2 
50-67.5 55.8 6.5 11.6 
300-403 348.1 48.6 14.0 
60-75 68.3 6.1 8.9 
45-75 55.8 12.0 21.5 
55-92.5 75.4 12.5 16.6 
45-90 69.5 15.5 22.3 
70-130 106.0 10.7 13.3 
0-75 21.7 27.9 128.6 
0-50 29.2 18.8 64.5 
25-27 26.0 0.8 3.0 
12-14 12.9 0.9 6.6 
• 
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Other localities: Daly River, near 001100 Crossing, Northern Terri-
tory, Australia, 14°00.31'S, 131°14.46'E; Mary River, Opium Creek Sta-
tion, Northern Territory, Australia, 12°34.62'S, 131°43.48'E. 
Site of infection: Small intestine. 
Prevalence and intensity of infection: Three of 7 C. rugosa were 
infected with 7, 1, and 1 worms, respectively. 
Specimens deposited: The type series consists of 6 fully mature spec-
imens, 2 without oral sucker. Holotype: Queensland Museum (QM) no. 
G227476; Paratypes QM no. G227477-G227478. Harold W. Manter 
Laboratory no. Hw.ML48423-48425. All labeled identically: ex. Chel-
odina rugosa, Daly River, Northern Territory, Australia, June 2005. 
Etymology: The specific epithet refers to the ventral sucker which is 
larger in size, compared to the total body length, than in congeneric 
species. 
Remarks 
Based on general morphology, the new species belongs to Aptorchis 
Nicoll, 1914, although it differs from the 3 previously described Aptor-
chis species in that it possesses a submarginal, rather than submedian, 
genital pore. In addition, Aptorchis megacetabulus n. sp. is smaller than 
all 3 previously described species, being nearly half the length of A. 
pearsoni and A. megapharynx and only 114 the length of A. equalis. 
The length of the ventral sucker in A. megacetabulus n. sp. is 19.6% 
(17.3-20.9%) of the total body length, a much greater proportion than 
in the other species of Aptorchis (9.5% in A. aequalis, 9.8% in A. 
pearsoni, 11.9% in A. mega pharynx) (data from Jue Sue and Platt, 
1999). The new species is also considerably more robust than those 
previously described. The body width of Aptorchis megacetabulus n. 
sp. is on average 28.6% (26.7-30.8%) of the body length, whereas this 
value is 18.9% in A. aequalis, 16.5% in A. pearsoni, and 19.6% in A. 
megapharynx (data from Jue Sue and Platt, 1999). The eggs of Aptor-
chis megacetabulus n. sp. range from 25 I1m-27 11m long X 12 I1m-
15 11m wide, smaller than other known representatives of Aptorchis. 
Aptorchis aequalis eggs range from 32 I1m-35 11m X 19 I1m-21 11m, 
A. pearsoni eggs range from 29 I1m-31 11m X 16 I1m-18 11m, and A. 
megapharynx eggs range from 31 I1m-32 11m X 18 I1m-19 11m (Jue 
Sue and Platt, 1999). 
In all 3 previously described Aptorchis species, the ovary is situated 
a substantial distance from the ventral sucker. In A. pearsoni and A. 
megapharynx, the ovary lies midway between the ventral sucker and 
the posterior end of the body, and in A. aequalis the ovary lies nearly 
equidistant between the ventral sucker and the testes. This contrasts with 
the close association of the ovary of Aptorchis megacetabulus n. sp. 
with the ventral sucker; it is separated from the ventral sucker by only 
the proximal portion of cirrus sac. The new species also clearly differs 
from A. pearsoni and A. megapharynx in the shape of the cirrus sac. In 
A. megacetabulus n. sp., the cirrus sac arches around the ventral sucker 
with the proximal part adjacent to the posterior margin of the ventral 
sucker. In both A. pearsoni and A. megapharynx, the proximal part of 
the cirrus sac is straight and extends well posterior of the posterior 
margin of ventral sucker. The above morphological differences allow 
for the reliable differentiation of A. megacetabulus n. sp. from previ-
ously described species of Aptorchis. 
The fragments of DNA sequence from the 4 Aptorchis species ranged 
in length from 2,467 bp in A. megapharynx to 2,663 bp in A. aequalis 
and were 2,565 bp long in the new species. The substantial difference 
in length is largely due to presence of a 49-bp-long repeated fragment 
in the ITS 1 region. The number of repeats varies among species of 
Aptorchis, accounting for most but not all of the differences in sequence 
length. Pairwise sequence comparison among A. megacetabulus n. sp. 
and the other 3 species has demonstrated substantial variability outside 
of the repeat zone (Table III). Interestingly, the number of variable sites 
in a rather short ITS2 region (9-14 variable sites) was comparable to 
the number of variable sites in a much longer ITS 1 region (16-20) and 
partial 28S gene (12-22). Thus, sequence comparison (Tables III and 
IV) demonstrates substantial differences between A. megacetabulus n. 
FIGURE 1. Holotype of Aptorchis megacetabulus n. sp., ventral view. 
Scale bar = 250 11m. 
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FIGURE 2. Cirrus sac, metraterm and ventral sucker of Aptorchis megacetabulus n. sp. Scale bar = 200 fJ.m. 
A' 
sp. and all previously described species of Aptorchis, confirming the 
status of A. megacetabulus n. sp. as a new species. 
DISCUSSION 
Aptorchis megacetabulus n. sp. is the first species of helminth 
reported from Chelodina rugosa and was not found in 4 addi-
tional species of turtles (Carettochelys insculpta Ramsay, 1886, 
Elseya dentata Gray, 1863, Emydura tanybaraga eann, 1997, 
and Emydura victoriae Gray, 1842) collected at or near the type 
locality. The new species is the third Aptorchis reported from 
long-necked turtles, Chelodina. Aptorchis pearsoni and A. me-
gapharynx were described from Chelodina expansa taken from 
sites in southern Queensland (Jue Sue and Platt, 1999) and are 
reported from Chelodina spp. from southern New South Wales 
as part of the current study (Table I). Aptorchis aequalis is a 
parasite of species of Emydura and Elseya, but all 3 previously 
described species utilize the planorbid snails Glyptophysa gib-
bosa as first intermediate hosts and form metacercariae in tad-
poles and snails (Jue Sue and Platt, 1999). Glyptophysa gibbosa 
occurs only in southeast Australia, but Glyptophysa badia is 
found in Northern Territory, as are species representing Amer-
ianna and Bayardella, 2 other planorbid genera (Walker, 1988). 
The likely occurrence of planorbid snails in habitats utilized by 
C. rugosa and the presence of snails and tadpoles in the diet of 
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TABLE III. Number of variable sites in different nuclear ribosomal DNA 
regions (partial 18S, complete ITSl, complete 5.8S, complete ITS2, 
partial 28S) among Aptorchis megacetabulus and 3 known Aptorchis 
species; alignment length for each fragment shown in parentheses; 3' 
end of 18S gene is not included because it is extremely conserved and 
shows no variability. 
DNA region 
ITS 1 excluding 
Digenean repeat zone 5.8S ITS2 28S 
species (644 bp) (157 bp) (252 bp) (1,309 bp) 
A. pearsoni 16 0 14 12 
A. aequalis 18 0 14 12 
A. megapharynx 20 9 22 
this turtle (Kennett and Tory, 1996) indicate potential inter-
mediate hosts of Aptorchis megacetabulus n. sp. 
Similar to other Aptorchis species (Jue Sue and Platt, 1999), 
Aptorchis megacetabulus n. sp. demonstrates both dextral and 
sinistral forms. The genital pore in all but 1 specimen was 
found on the right side of the body, with the cirrus sac arching 
around the right side of the ventral sucker and the left testis 
situated anteriorly to the right testis. In the single inverted spec-
imen, the orientation of these organs was the mirror opposite, 
a relatively wide spread phenomenon among xiphidiatan dige-
neans (Tkach et aI., 2000; Tkach and Bray, 2001). 
Members of Aptorchis demonstrate high intrageneric se-
quence variability in the ITSI ribosomal DNA, and even the 
more conserved 28S region is more variable than within most 
genera of plagiorchioidean digeneans studied thus far (Tkach 
et al., 2000; Snyder and Tkach, 2001; Platt and Tkach, 2003; 
Tkach et aI., 2003). Aptorchis pearsoni and A. megapharynx 
have ribosomal sequences with the greatest degree of similarity, 
and the sequences of these species are most different from A. 
aequalis (Table IV). These 3 species occur sympatrically, but 
A. pearsoni and A. mega pharynx are parasites of species of 
Chelodina, whereas A. aequalis is found in species of Emydura 
and Elseya. Aptorchis megacetabulus n. sp. is a parasite of C. 
rugosa, but has sequence identity of between 94% ane! 95% 
with all 3 previously described species (Table IV). Our results 
suggest that any of the ITS1, ITS2, or 28S fragments alone 
provide good resolution to differentiate among Aptorchis spe-
cies, although ITS2 is the most practical target for quick dif-
ferentiation as it is the shortest of these regions. Initial attempts 
to examine evolutionary relationships among the 4 species of 
Aptorchis did not provide a satisf~tory degree of resolution. 
Putative new species of Aptorchis have been collected from 
additional Chelodina and Emydura in northern Australia, and a 
comprehensive phylogeny of the genus will be published sep-
arately. 
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DEVELOPMENT OF AN ENZYME-LINKED IMMUNOELECTROTRANSFER BLOT (EITB) 
ASSAY USING TWO BACULOVIRUS EXPRESSED RECOMBINANT ANTIGENS FOR 
DIAGNOSIS OF TAENIA SOLIUM TAENIASIS 
Min Z. Levine, Melissa M. Lewis, Silvia Rodriquez', Juan A. Jimenez', Azra Khan, Sehching Lint, Hector H. Garcia*, 
Armando E. Gonzales:j::, Robert H. Gilman§, and Victor C. W. Tsang 
Division of Parasitic Diseases, National Center for Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia 30341. 
e-mail: minlevine@hotmail.com 
ABSTRACT: Taeniasis diagnosis is an important step in the control and elimination of both cysticercosis and taeniasis. We report 
the development of 2 serological taeniasis diagnostic tests using recombinant antigens rES33 and rES38 expressed by baculovirus 
in insect cells in an EITB format. In laboratory testing with defined sera from nonendemic areas, rES33 has a sensitivity of 98% 
(n = 167) and a specificity of 99% (n = 310) (J index: 0.97); rES38 has a sensitivity of 99% (n = 146) and a specificity of 
97% (n = 275) (J index: 0.96). Independent field testing in Peru showed 97% (n = 203) of the taeniasis sera were positive with 
rES33, and 100% of the nontaeniasis sera (n = 272) were negative with rES33; 98% (n = 198) of taeniasis sera were positive 
with rES38, and 91 % (n = 274) of the nontaeniasis sera were negative with rES38. Among the Peruvian sera tested, 17 of 26 
Peruvian Taenia saginata sera were false positive with rES38 test. Both tests were also examined with cysticercosis sera, with 
a positive rate ranging from 21% to 46%. rES33 and rES38 tests offer sensitive and specific diagnosis of taeniasis and easy 
sample collection through finger sticks that can be used in large-scale studies. They are currently being used in cysticercosis 
elimination programs in Peru. 
Taenia solium is the adult pork tapewonn infection of hu-
mans. Taenia solium larva cause cysticercosis in both humans 
and pigs. In humans, cysticercosis affects 50 million people 
worldwide (Garcia et aI., 2002, Garcia, Gonzalez et aI., 2003; 
Garcia Gonzalez, and Gilman, 2003; Garcia et aI., 2005), and 
neurocysticercosis is the leading cause of acquired epilepsy 
(Garcia et al., 1993; Carpio et aI., 1998). In pigs, cysticercosis 
causes significant economic loss for farmers in developing 
countries (Garcia et al., 1999; Sciutto et aI., 2000; Hoberg, 
2002). Taeniasis and cysticercosis mostly occur in developing 
countries, where humans and pigs live in close contact. In re-
cent years, endogenously transmitted cysticercosis is increas-
ingly diagnosed in developed countries, such as the United 
States, largely due to the immigration of tapewonn carriers 
from endemic areas (Schantz et aI., 1992; Garcia et aI., 2005). 
Humans acquire taeniasis by ingesting undercooked pork in-
fested with cysticerci. The tapewonn matures in the upper small 
intestine and releases infective eggs or gravid proglottids laden 
with infective eggs into the host feces. Eggs passed by taeniasis 
patients are the only source of infection for both human and 
pig cysticercosis. Taeniasis patients are solely responsible for 
the transmission of cysticercosis. However, taeniasis is mostly 
asymptomatic. Therefore, diagnosis of taeniasis is the quintes-
sential step in the control and elimination of cysticercosis in 
both humans and pigs (Schantz et al., 1993). 
Traditionally, taeniasis is diagnosed through fecal examina-
tion for proglottids or eggs in patient St~ols, but this method is 
insensitive and cannot easily differentiate between T. solium 
and Taenia saginata infection. In the 1990s, a coproantigen 
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ELISA test was developed to detect tapewonn antigens in stool 
samples (Allan et aI., 1990, 1992, 1996). However, all stool 
tests face problems in sample collection and are especially dif-
ficult to implement in large-scale studies. We reported a sero-
logical test for taeniasis, in the EITB fonnat, with 95% sensi-
tivity and 100% specificity (Wilkins et aI., 1999), that can spe-
cifically detect the adult stage of the parasite (taeniasis), but not 
the larval stage of the parasite (cysticercosis). This test detects 
antibodies in patient sera using native antigens secreted during 
in vitro culture of adult tapewonn. However, the in vitro tape-
wonn culture process is labor intensive, time consuming, and 
costly, and the test results are sometimes difficult to read. 
Therefore, our goal was to replace the native antigens with re-
combinant proteins. The 2 antigens, i.e., TSES (T. solium ex-
cretory/secretory protein) 38 and TSES 33 in the native taeni-
asis diagnostic test, have been characterized, cloned, and ex-
pressed (Levine et aI., 2004). In the present paper, we report 
the development of 2 serological taeniasis diagnostic tests using 
baculovirus expressed recombinant antigens rES (recombinant 
excretory/secretory protein) 38 and rES33 in an EITB format. 
MATERIALS AND METHODS 
Baculovirus expression 
rES33 and rES38 recombinant baculoviruses were constructed with 
baculovirus transfer vector pMelBac (Invitrogen, Carlsbad, California), 
behind a honeybee melittin signal sequence (Levine et ai., 2004). Ex-
pression of rES33 was .carried out using Fernbach shaker flasks (Corn-
ing, Acton, Massachusetts) in our cell culture facility. Expression of 
rES38 was carried out using shaker bottles by Expression Systems, LLC 
(Woodland, California). Cell cultures were conducted using recombi-
nant rES33 and rES38 baculovirus infected insect cells at 27 C in HyQ® 
SFX-insect protein-free medium (Hyclone, Logan; Utah). For expres-
sion optimization, cell cultures were infected with rES33 and rES38 
recombinant baculovirus at MOIs (multiplicities of infection) of 0.2, 1, 
and 5 and harvested at days 3, 4, and 5. Both HighFive cells and Sf9 
cells were used. Large-scale expressions were carried out at MOl of 0.2 
and harvested at day 5 in Sf9 cells for both rES33 and rES38. The cell 
culture supernatants were then collected by centrifugation at 500 g, 10 
min. Three protease inhibitors were added at the following final con-
centrations: pepstatin (1.0 jLg/ml) (Calbiochem, LaJolla, California), 
leupeptin (1.0 jLg/ml) (Calbiochem), and PMSF (34 jLg/ml) (Roche Ap-
plied Science, Indianapolis, Indiana). 
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Protein purification 
The cell culture supernatants were concentrated using either a stir 
cell concentrator with an YM membrane with a 1O-kDa molecular 
weight cutoff (Millipore, Billerica, Massachusetts) or a hollow fiber 
cartridge (GE Health Care, Piscataway, New Jersey) with a 1O-kDa 
molecular weight cutoff. 
For the purification of rES33, the concentrated culture supernatants 
were initially precipitated at 0-20%, 20-40%, 40-60%, and 60-80% 
ammonium sulfate (ICN Biomedicals, Costa Mesa, California) satura-
tion at pH 6.0. The immunoblot analysis showed that the rES33 target 
protein was mainly precipitated at 0-20% ammonium sulfate saturation 
(~ata not shown); therefore, this fraction was used for further purifica-
tIons. The pellet was then resuspended in 20 mM Bis Tris, pH 6, and 
desalted into 20 mM Bis Tris (Calbiochem), 2 M urea, and 20% ethanol 
using a Hiprep 26/10 desalting column. The proteins were then loaded 
onto a Mono Q 5150 GL ion exchange column using 20 mM Bis Tris, 
2 M urea (ICN Biomedicals), 20% ethanol, pH 6, as the baseline buffer, 
and eluted with a linear gradient of 20 mM Bis Tris, 2 M urea, 20% 
ethanol, and 1 M NaCl, pH 6. 
For the purification of rES38, the concentrated cell culture superna-
tants were initially precipitated by ammonium sulfate (lCN Biomedi-
cals) at 0-20%, 20-40%, 40-60%, and 60-80% ammonium sulfate 
(ICN Biomedicals) saturation at pH 6.0. The immunoblot analysis 
showed that the rES38 target protein was mainly precipitated as a pellet 
at 60-80% saturation, at pH 6. Therefore, this fraction was used for 
further purification. The 60-80% ammonium sulfate precipitation pellet 
w~s dissolved in 50 mM Tris, 0.5 M NaCl, pH 8, then run through the 
Hitrap sepharose 4B lentil lectin column using 50 mM Tris/HCl, 0.5 M 
NaCl, pH 8, as the baseline buffer, eluted with 50 mM Tris/HCl, 0.5 M 
NaCl, 0.2 M mannoside (Methyl 2-D-marmopyranoside) (Sigma, St. 
Louis, Missouri), pH 8. The bound fractions from the lentil lectin col-
umn were then pooled and desalted into 50 mM Tris/HCl, pH 8, using 
a Hiprep 26/10 desalting column, and then run through a Mono Q 51 
50 GL FPLC ion exchange column using 50 mM Tris/HCl, pH 8 as the 
baseline buffer. The fractions were then eluted with 50 mM Tris/HCl, 
1 M NaCl, pH 8. All columns used were fast protein liquid chromatog-
raphy (FPLC) columns from GE Health Care. 
Enzyme-linked immunoelectrotransfer blot (EITB or immunoblot) 
The procedures for the 5-22.5% SDS-PAGE gradient gels and im-
~unoblots were performed as previously described (Tsang, Peralta, and 
SImons, 1983, 1989). The EITB was then cut into 2.5-mm wide strips. 
Each strip was incubated in serum at 1:100 dilutions with 5% nonfat 
milk in phosphate buffered saline (PBS) and 0.3% Tween-20 overnight 
at 4 C. The strips were then washed with PBS/O.3% Tween, 5 min each 
4 times at room temperature. Peroxidase labeled goat anti-human Igs 
(GAHG-POD) (Tsang et aI., 1995) was incubated with the strips at 1: 
5,~00 dilution with PBS/0.3% Tween for 1 hr at room temperatu¥e. The 
StrIpS were then washed with PBS/O.3% Tween 2 times for 5 min each 
then PBS 3 times, 5 min each at room temperature. Finally, the strip~ 
were developed with the substrate 3,3'-diaminobenzadine (DAB) for 10 
~n, washed with deionized H20 10 times for 1 min each, dried, and 
ahgned for analysis. For diagnostic purposes, the purified rES33 antigen 
was used at 6.5 nglmm (16.25 ng per strip) and the purified rES38 
antigen was used at 1.83 ng/mm (4.575 ng per strip). 
Sera collection A' 
All samples were collected as described by guidelines for human 
experimentation from the U.S. Department of Health and Human Ser-
vices. In our laboratory test, 4 categories of clinically defined sera were 
tested: (1) Peruvian taeniasis sera as positives; (2) other parasitic dis-
eases sera from geographic areas nonendemic for T. solium as potential 
cross reactors; (3) normal human sera from Egypt, a nonendemic coun-
try socioeconomically similar to Peru, also as potential cross reactors; 
and (4) normal human sera from U.S. nontravelers as negatives. All 
taeniasis positive sera were collected from diverse clinical and field 
studies in Peru. Approximately 60% of taeniasis sera used were from 
field studies. Taeniasis positive patients were diagnosed by the presence 
of pro?lottids or scolices in the patient stools. PCR-restriction enzyme 
analYSIS (PCR-REA) and histological examination of hematoxylin-eosin 
stained scolex and uterine branches (Mayta et aI., 2000) were used to 
further differentiate T. solium infection from T. saginata infection. To 
determine the true specificity of the tests, we have chosen patient sera 
only from T. solium-free geographic areas to exclude the possibility of 
taeniasis coinfections or past exposures (Tsang, Hancock et aI., 1983; 
Tsang et al., 1989). Patient sera from other parasitic diseases used were 
carefully chosen from 10 of the non--cysticercosis endemic countries 
defined by the World Health Organization (WHO), including the United 
States, Egypt, Spain, France, Israel, Iraq, Italy, Poland, Puerto Rico, and 
':emen. Other sera included samples from people with the following 9 
diseases: T. saginata, echinococcosis, ascariasis, fascioliasis, malaria, 
schistosomiasis, trichinellosis, cryptosporidiosis, and leishmaniasis. 
Two categories of normal human sera were used: (1) normal human 
sera from Egypt, a country socioeconomically similar to Peru, nonen-
demic for cysticercosis, but endemic for some other parasitic infections 
and (2) normal human sera from healthy U.S. people with no history 
of traveling outside of the United States. These sera were used as neg-
ative controls. 
Cysticercosis sera were collected from patients with symptomatic 
neurocysticercosis from Peru. Diagnosis of cysticercosis is confirmed 
by brain computed tomography (CT) or magnetic resonance imaging 
(MRI) scan and further confirmed by EITB serology. Based on radio-
l~gical data, .cysts with different viability were all counted, including 
vIable cysts, mflamed cysts, granulomas, and calcified cysts. Sera from 
patients with fewer than 10 cysts, regardless of the viability of the cysts, 
were used. Two groups of cysticercosis positive sera were used: (1) 
tae~iasis. status unknow~ group; and (2) coproantigen negative group. 
To IdentIfy the coproantlgen negative cysticercosis sera group, a data-
base of cysticercosis sera and a database of stool coproantigen results 
were ~ross examined. Cysticercosis positive sera, with the coproantigen 
negatlve stool sample collected from the same patient within 4 wk of 
serum collection, were identified and used as the coproantigen negative 
group. 
In the field in Peru, 3 categories of sera were tested: (1) sera from 
T. solium taeniasis patients; (2) sera from T. saginata patients; and (3) 
other symptomatic neurological patient sera from a non--cysticercosis 
~ndemic area in Peru. The diagnosis of T. solium and T. saginata pa-
tIents was first by the presence of proglottids or scolex in the patient 
sto?ls, then b~ the histological examination of hematoxylin-eosin 
stamed proglottIds or scolex, and PCR-REA analysis of stool samples 
to differentiate the T. solium infections from the T. saginata infections. 
RESULTS 
Baculovirus expression 
Expressions of the 2 recombinant proteins were initially car-
ried out in 2 types of insect cell lines, i.e., HighFive cells and 
Sf9 cells. We evaluated recombinant products from these 2 cell 
lines with a small subset of sera representative of 6 heterolo-
gous parasitic infections from non--cysticercosis endemic coun-
tries and U.S. healthy nontravelers (Table I). Sf9 cell line ex-
pressed rES33 and rES38 have no cross reactivity with any of 
the 23 sera tested; it has a specificity of 100%. However, both 
HighFive cell-expressed rES33 and rES38 have cross reactivity 
in 9 of 23 sera tested. HighFive expressed recombinant rES33 
and rES38 only have a specificity of 60.9%, significantly lower 
than those from sf9 cells. The expression optimization with time 
course and MOl showed that both rES33 and rES38 have the 
best expression levels at MOl of 0.2 and harvest at day 5 in 
Sf9 cells. Therefore, all subsequent large-scale expressions of 
both antigens were carried out in Sf9 cells, infected at MOl of 
0.2, and harvested at day 5. 
Laboratory tests 
A panel of rES33 EITB diagnostic strips is shown in Figure 
1 as an example of the rES33 diagnostic test. A confirmed tae-
niasis positive and cysticercosis negative serum from Columbia 
were used both as a positive control and the diagnostic refer-
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TABLE I. Comparison of the specificity of rES33 and rES38 antigens expressed by HighFive cells and sf9 cells.* 
rES33 rES38 
HighFive sf9 HighFive sf9 
No. of No. of No. of No. of No. of No. of No. of No. of 
Other parasitic infections samples samples samples samples samples samples samples samples 
from nonendemic areas tested positive tested positive tested positive tested positive 
Taenia saginata 6 3 6 0 6 3 6 0 
Echinococcosis 5 2 5 0 5 2 5 0 
Ascariasis 0 0 2 0 2 0 
Fascioliasis 2 2 0 2 2 0 
Schistosomiasis 6 I 6 0 6 6 0 
Trichinellosis 2 2 2 0 2 2 2 0 
U.S. healthy nontraveler I 0 0 
Total 23 9 23 0 23 9 23 0 
Specificity 60.9% 100% 60.9% 100% 
* The same recombinant baculovirus construct was used with both HighFive and sf9 cell lines. 
ence (Fig. 1, strips 1 and 38). Reference strips were run at the 
both sides of the test panel. As indicated by reference strips 1 
and 38 (Fig. 1), the sharp band with a molecular weight of 35 
kDa is the rES33 diagnostic band for taeniasis, and only strips 
displaying this sharp band are considered taeniasis positive. 
Sera that only display a smear at the region above the diagnostic 
band, with the diagnostic band absent, are considered negative. 
Differentiation of the top smear from the sharp band and con-
firming the positive diagnosis by the presence of the sharp 35-
kDa band are critical diagnostic criteria for the rES33 test. In 
the case of any serum showing a smear at the region, repeats 
of such sera with the reference strip side by side are necessary 
to confirm the diagnosis. For example, in Figure 1, strips 20, 
21,25,26,31, and 32 appeared to have very faint smears above 
the region of the sharp diagnostic band. These sera were re-
peated with reference serum side by side (repeat data not 
97kD-" 
66kD-
43kD-
29kD-
20kD-
shown). It is confirmed that the smears shown on these strips 
were above the diagnostic band; the sharp rES33 diagnostic 
band is absent in all the repeated sera samples. Therefore, these 
sera are considered taeniasis negative. 
A panel of the rES38 diagnostic strips is shown in Figure 2 
as an example of rES38 diagnostic test. Reference strips were 
run at both sides of the test panel. rES38 recombinant proteins 
migrated as a dimmer, as indicated by the positive reference 
strips 1 and 40. The 2 bands of the rES38 dimer are always 
present at the same time, and this dimer is considered diagnostic 
for rES38. 
Differentiation of T. solium infection from T. saginata infec-
tion is important because these 2 closely related Taenia species 
can cause different consequences in humans. Diagnostic strips 
tested with all the nonendemic area T. saginata sera and some 
T. solium sera from Peru are shown in Figure 3. A total of 17 
FIGURE 1. rES33 diagnostic strips. Purified rES33 was loaded at 6.5 ng/mm on a 5-22.5% gradient SDS-PAGE gel and then transferred to a 
nitrocellulose blot. The immunoblot was then cut into 2.5-mm wide strips; each strip was incubated with I patient serum at 1: 100 dilution. Strips 
1-12 and 38, confirmed taeniasis positive sera; strips 1 and 38, taeniasis positive reference serum; strips 13-23, normal human sera from U.S. 
nontravelers; strips 24-37, other parasitic diseases sera from nonendemic countries; strips 24-28, fascioliasis; strips 29-30, leishmaniasis; strips 
31-37, normal human sera from Egypt, a nonendemic country. The sharp rES33 diagnostic band is indicated by arrows. Strips 20, 21, 25, 26, 
31, and 32 have faint bands in the region above the sharp diagnostic band as indicated by reference strips 1 and 38. These sera were repeated 
with the reference serum side by side. The rES33 diagnostic band is absent in all the repeats; therefore, these sera are considered negative. 
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FIGURE 2. rES38 diagnostic strips. Purified rES38 was loaded at 1.83 ng/mm on a 5-22.5% gradient SDS-PAGE gel and then transferred to 
a nitrocellulose blot. Blot was then cut into 2.5-mm wide strips; each strip was incubated with 1 patient serum at 1:100 dilution. Strips 1-10,40, 
confirmed taeniasis positive sera; strips 1 and 40, taeniasis positive reference serum; strips 11-39, other parasitic disease sera from nonendemic 
countries; strips 11-14, ascariasis; strips 15-32, echinococcosis; strip 33, fascioliasis; strip 34, leishmaniasis; strips 35-39, normal human sera 
from Egypt, a nonendemic country. rES38 diagnostic bands (dimer) are indicated by arrows. 
confirmed T. saginata sera from Poland (Fig. 3A, B; strips 12-
28) and 10 confirmed T. solium sera from Peru (Fig. 3A, B; 
strips 2-11) were tested for both rES33 and rES38. All the T. 
solium sera tested were positive for both rES33 and rES38. For 
T. saginata sera tested with rES33 diagnostic strips (Fig. 3A), 
although strips 13,20,21, and 28 displayed some smears at the 
region above the sharp diagnostic band as indicated in reference 
strips 1 and 29, the smears do not overlap with the 35-kDa 
diagnostic band. These sera were repeated with the reference 
diagnostic serum side by side. It is confirmed that the sharp 35-
kDa rES33 diagnostic band is absent in all the repeats (repeat 
data not shown). Therefore, all the T. saginata sera tested with 
rES33 strips are negative (Fig. 3). Two of T. saginata sera test-
ed with rES38 strips (Fig. 3B; strips 21 and 26) have faint 
bands. Those 2 sera were repeated with reference serum and 
are confirmed to be weak positives for rES38 diagnostic test. 
To determine the sensitivity and specificity of the rES33 di-
agnostic test, we tested a total of 477 defined sera (Table II) 
from nonendemic areas with rES33 strips. Of the 167 confirmed 
T. solium taeniasis sera, 163 were positive, and the sensitivity 
is 98%. Other sera (n = 310) were also tested, including those 
from 9 other types of parasitic diseases from non-cysticercosis 
endemic countries, normal human sera from Egypt, and sera 
from U.S. nontravelers. Three sera were false positives, includ-
ing 1 ascariasis serum from the United States and 2 schistoso-
miasis sera from Egypt, yielding a specificity of 99%. The You-
den's J index ([sensitivity + specificity] - 1) was used to de-
termine the efficacy of the test (Youden 1950); for the rES33 
diagnostic test, efficacy is 0.97. 
To determine the sensitivity and specificity of the rES38 di-
agnostic test, we examined a total of 421 sera from nonendemic 
areas (Table II) with rES38 strips. Of 146 confirmed T. solium 
taeniasis positive sera, 145 were positive; the sensitivity of 
rES38 diagnostic test is 99%. Of the 275 potential cross-reac-
tive sera and normal sera tested, 8 were false positive, including 
2 T. saginata taenisis sera from Poland (Fig. 3), 4 schistoso-
miasis sera from Egypt, 1 normal human serum from Egypt, 
and 1 normal human serum from the United States. The spec-
ificity of rES38 diagnostic test is 97%. The Youden's J index 
of rES38 diagnostic test is 0.96. 
Sera from neurocysticercosis patients from Peru were also 
tested with rES33 and rES38 antigens. Because prevalence of 
taeniasis among neurocysticercosis is related to severity of in-
fection (Gilman et aI., 2000), only sera from patients with less 
than 10 total cysts from brain imaging scans were used. Two 
groups of cysticercosis sera were tested (Table III). For the 
group of cysticercosis sera with taeniasis infection status un-
known, the same 72 sera were tested with both rES33 and 
rES38; 46% (33 of 72) of sera were positive for both antigens. 
Nineteen sera were tested in the coproantigen negative group; 
21 % were positive with rES33 (4 of 19), and 26% (5 of 19) 
were positive with rES38. 
Field trials 
In addition to the testing in our laboratory, both recombinant 
rES33 and rES38 diagnostic tests were further investigated by 
our Cysticercosis Working Group in Peru, where large surveys 
and surveillance programs are being conducted and large num-
bers of confirmed taenaisis positive sera and other sera are 
available. In total, 475 Peruvian sera were tested with rES33 
(Table IV), including 203 T. solium taeniasis sera, 22 T. sagin-
ata sera, and 250 symptomatic neurological patient sera from a 
non-cysticercosis endemic area in Peru. Of the 203 Peruvian 
T. solium taeniasis sera tested, 97% of the sera were positive 
with the rES33 test. Of the 272 Peruvian nontaeniasis sera test-
ed, all (100%) were negative using rES33; these samples in-
cluded 22 Peruvian T. saginata sera. 
Most of the same sera were also used to evaluate rES38. A 
total of 472 Peruvian sera was tested for rES38 (Table IV), 
including 198 T. solium taenisis sera, 24 T. saginata sera, and 
250 symptomatic neurological patient sera from a non-cysti-
A 
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FIGURE 3. rES33 and rES38 diagnostic strips tested with confirmed T. solium and T. saginata sera. All sera were used at 1:100 dilutions. For 
both A and B, strips 1-11 and strip 29, confirmed taeniasis positiye sera from Peru; strips 12-28, confirmed T. saginata sera from Poland, a 
nonendemic area; strips 1 and 29, taeniasis positive reference serum. The same sera were used in both A and B. (A) rES33 diagnostic strips. 
Purified rES33 was loaded at 6.25 nglmm. The single sharp diagnostic band is indicated by arrows at both ends of the blot. Strips 13, 20, 21, 
and 28 have smears at the region above the sharp band. These sera were repeated side by side with the reference serum, confirming that the 
rES33 sharp diagnostic band is absent in these sera. These samples are considered negative. (B) rES38 diagnostic strips. Purified rES38 was 
loaded at 1.83 ng/mm. The rES38 diagnostic dimer is indicated by arrows. Strips 21 and 26 (indicated by asterisks) were incubated with T. 
saginata sera and have faint bands. These 2 sera are repeated and are confirmed to be weak positives. 
A I 
cercosis endemic area in Peru. All of the 198 Peruvian T. solium 
taeniasis were tested, and 98% were positive for rES38. Of all 
the 274 Peruvian non-To solium taeniasis sera tested, 91 % were 
negative using rES38. The cross-reactive sera to rES38 are 
mainly Peruvian T. saginata sera (17 of 24). Further testing of 
these T. saginta sera with species-specific T. solium cysticer-
cosis antigens in EITB format (Tsang et al., 1989) showed that 
all 17 T. saginata sera that were positive with rES38 were also 
positive against T. solium cysticercosis antigens. 
DISCUSSION 
In both Sf9 and HighFive cells, the baculovirus expressed 
recombinant rES33 and rES38 migrated around 35 kDa on 
SDS-PAGE gels, indicating a significantly larger size than pre-
dicted from their amino acid sequences (TSES 33, 27.4 kDa; 
TSES 38, 28.8 kDa) (Levine et al., 2004), signifying that there 
are substantial posttranslational modifications by the insect 
cells. Baculovirus expressed rES33 from insect sf9 cells ap-
peared as a major sharp band with smears at the top; baculo-
virus expressed rES38 from Sf9 cells appeared as a dimer on 
the diagnostic strips. These are probably due to variations in 
posttranslational modifications, such as glycosylation. Our data 
showed that proper posttranslational modification is critical for 
the specificity of these 2 diagnostic antigens. The same recom-
binant virus expressed in 20 different cell lines, i.e., HighFive 
cells and sf9 cells. HighFive cell-expressed rES33 and rES38 
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TABLE II. Sera used to determine the sensitivity and specificity of rES33 and rES38 as taeniasis diagnostic antigens. * 
rES33 rES38 
No. of No. of No. of No. of 
samples samples samples samples 
Diseases and/or infections from which sera were derived tested positive tested positive 
T. solium taeniasis 167 163 146 145 
Others (the following samples were from donors who resided in areas without risk of T. solium 
infection) 
310 3 275 8 
Cestode infections 
Taenia saginata 
Echinococcosis granulosus 
Echinococcosis multilocularis 
Noncestode infections 
Ascariasis 
Fascioliasis 
Malaria (Plasmodium Jalciparum) 
Schistosomiasis 
Trichinellosis 
Protozoal infections 
Cryptosporidiosis 
Leishmaniasis 
Normal human sera 
Egypt 
U.S. nontrave1ers 
Sensitivity 
Specificity 
17 
21 
5 
5 
16 
53 
16 
9 
2 
19 
146 
0 17 2 
0 18 0 
0 0 
4 0 
0 0 0 
0 9 0 
2 53 4 
0 12 0 
0 0 0 
0 0 
0 15 
0 145 
98% 99% 
99% 97% 
* T. solium taeniasis sera were collected in Peru. All other sera were collected from nonendemic countries. The same sera were tested for both rES38 and rES33. 
rES38 was tested with Jess numbers of sera because the some of the sera used for rES33 were depleted. 
have significantly higher cross reactivity (specificity 60.9% for 
a small group of samples) than Sf9 cell-expressed rES33 and 
rES38 (specificity 100%) (Table I), possibly due to the differ-
ence in the posttranslational modification, which varies in dif-
ferent insect cell lines (Ailor and Betenbaugh, 1999; Tomiya et 
aI., 2003). Our results indicate that some posttranslational mod-
ifications that are unique to HighFive cells, but absent in Sf9 
cells, might be epitopes commonly recognized by some hyman 
sera and, therefore, may cause false positive results in tests that 
use recombinant antigens expressed in HighFive cells. 
Differentiation of the top smear from the sharp 35-kDa di-
agnostic band is a critical diagnostic criterion for rES33 tests. 
Therefore, it is important to always include the reference strips 
. , 
TABLE III. Peruvian cysticercosis sera used to test against rES33 and 
rES38 taeniasis diagnostic antigens. * 
Cysticercosis positive, Cysticercosis positive, 
taeniasis status unknown coproantigen negative 
No. of No. of No. of No. of 
samples samples (%) samples samples (%) 
Antigen tested positive Positive tested positive Positive 
rES33 72 33 46 19 4 21 
rES38 72 33 46 19 5 26 
* All cysticercosis sera used were from patients with less than 10 cysts by brain 
CT or MRI scans. For coproantigen tests, stools were collected from the same 
patients within 4 wk of the sera collection. 
at both sides of the test strips. In the case of any serum showing 
the top smear at the region above the diagnostic band, repeats 
are needed with the reference serum run side by side to confirm 
the presence of the 35-kDa sharp diagnostic band before a di-
agnosis can be made. Further optimization perhaps can be done 
in the EITB procedures to eliminate the top smear, such as an 
extra blocking step or increasing the concentration of nonfat 
dry milk in the antibody dilutions. The nondiagnostic top smear 
may be a result of one or more of the following factors. There 
are 5 potential N-glycosylation sites in the rES33 protein se-
quence (Levine et aI., 2004). rES33 mostly likely is glycosy-
lated heterogeneously. The 35-kDa sharp band is the major 
form of the glycosylated recombinant rES33. The smear above 
this band might be more heavily glycosylated formats of this 
recombinant protein with some additional glycosylated struc-
tures that serve as epitopes not specifically recognized by some 
human sera. 
Taeniasis patients are at high risk of acquiring cysticercosis 
through autoinfection (Garcia, Gonzalez, and Gilman, 2003). 
The prevalence of taeniasis carriers among cysticercosis pa-
tients is correlated with the severity of the cysticercosis infec-
tion (cyst numbers) (Gilman et aI., 2000). Therefore, cysticer-
cosis positive sera cannot be classified as either true positives 
or true negatives in defining the assay performance. However, 
in an attempt to determine whether rES33 and rES38 diagnostic 
tests are stage specific, we tested rES33 and rES38 with some 
cysticercosis positive sera. To decrease the possibility of using 
sera from cysticercosis patients who are also taeniasis positive, 
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TABLE IV. Sera used from our cysticercosis elimination program in Tumbes, Peru, to evaluate the performance of rES33 and rES38 taeniasis 
diagnostic antigens in the field. * 
rES33 rES38 
No. of No. of No. of No. of 
samples samples samples samples 
Infection tested positive tested positive 
T. solium taeniasis 203 196 198 194 
Others (the following samples were from donors from Peru, an endemic country) 
Taenia saginata 
272 
22 
0 
0 
274 26 
24 l7 
Other symptomatic neurological patients sera from nonendemic areas of Peru 
Sensitivity 
250 0 
97% 
250 9 
98% 
Specificity 
* The same sera were used for both rES38 and rES33. 
only sera from those patients with less than 10 cysts in the brain 
CT or MRI scans were used; 46% of these cysticercosis sera 
tested were positive with both rES33 and rES38 taeniasis an-
tigens (Table II). An earlier report has shown that up to 20% 
(Gilman et aI., 2000) of neurocysticercosis patients with less 
than 10 cysts in the brain were also current tapeworm carriers 
with positive stool coproantigen tests. The difference between 
our result and this earlier report is most likely due to the test 
formats used. Stool coproantigen positives indicate that there is 
a current infection, with tapeworm material in the patient's 
stool. In serological tests, such as with rES33 and rES38, pos-
itive results may indicate both current infection and past ex-
posure. A patient can still be serologically positive even if their 
tapeworm has been eliminated. We have also tried to identify 
cysticercosis positive sera with negative coproantigen stools 
collected within 4 wk of sera collection as potentially cysticer-
cosis positive, but taeniasis negative. Only 19 sera were found. 
The number of sera that tested positive with rES33 and rES38 
among these samples dropped to 21 % and 26%, respectively. 
There are 2 factors that may account for this reactivity. First, 
these 2 tests may have some cross reactivity with cysticercosis 
sera and, second, it may be due to the potential past exposure 
of cysticercosis patients with tapeworms. The longevity of an-
tibodies against rES33 and rES38 will be the key in answering 
this question. To determine whether rES33 and rES38 are stage 
specific, the other alternative is to test these 2 diagnostic pro-
cedures with pig sera. Humans are believed to be the only de-
finitive host of adult tapeworm. Pigs serve only as intermediate 
hosts and do not harbor adult tapeworms. Both rES33 and 
rES38 have been tested with a numbep of normal pig sera, and 
results were all negative (data not shown). We are in the process 
of collecting cysticercosis positive pig sera with confirmed cyst 
numbers by necropsy. Once available, the pig data will give 
further insights on the performance of the rES33 and rES38 
taeniasis diagnostic tests. 
In determining the specificity of the test, only well-defined 
sera from nonendemic areas can be used as true negatives be-
cause sera obtained from patients in endemic areas always have 
a possibility of also being infected with taeniasis and cysticer-
cosis (Tsang, Hancock et aI., 1983; Tsang et aI., 1989). There-
fore, other parasitic disease sera (such as T. saginata) from 
Peru, an endemic area, cannot be used in our effort to define 
the true sensitivity and specificity of these 2 diagnostic tests. 
100% 91% 
However, field data from Peru provide us with invaluable in-
formation in evaluating the performance of the tests. 
In the field trials in Peru, a country endemic for both T. 
solium and T. saginata, 17 of 24 T. saginata sera tested were 
false positive with rES38 (Table IV). rES38 may have some 
cross reactivity with Peruvian T. saginata sera. rES33 appears 
to be better in distinguishing T. solium from T. saginata infec-
tions. It has no cross reactivity with T. saginata sera both from 
nonendemic (Poland) and endemic areas (Peru). We also no-
ticed that rES38 has much lower cross reactivity (2 of 17) with 
T. saginata sera from Poland, a nonendemic area (Table II), 
than from Peru, an endemic area (Table IV). More extensive 
testing with well-defined T. saginata sera will be beneficial in 
further evaluating the performance of the rES38 test. Among 
the categories of other parasitic infectious sera from nonendem-
ic areas tested, there are some cross reactivities, i.e., ascariasis 
sera (1 of 5) and schistosomiasis sera (2 of 53) with the rES33 
test (Table II), and schistosomiasis sera (4 of 53), normal human 
sera from Egypt (1 of 15), and normal human sera from U.S. 
nontravelers (1 of 145) with the rES38 test (Table II). However, 
sample size from some of these disease categories that exhibit 
potential cross reactivities (such as ascariasis) are too small to 
reach definitive conclusions regarding potential cross reactivi-
ties for those particular categories. Again, these 2 tests will be 
better evaluated when used in larger scale testing with well-
defined sera. 
Our goal is to develop a rapid and accurate taeniasis diag-
nostic test that can be used in the field and in developing coun-
tries. In addition to the Western blot strip test format, using the 
2 recombinant antigens rES33 and rES38, we are in the process 
of developing other test formats such as ELISA and dipstick. 
The ELISA test can provide us with quantitative information. 
The dipstick format can be performed easily and obtain rapid 
diagnosis. Compared with other taeniasis tests that rely on the 
detection of parasitic material for diagnosis, such as micro-
scopic examination (Mayta et aI., 2000), parasitic protein de-
tection using coproantigen ELISA (Allan et aI., 1990, 1992), 
and parasitic DNA detection using PCR (Harrison et aI., 1990; 
Chapman et aI., 1995), these 2 serological diagnostic tests have 
the following advantages. First, sample collection is easier. All 
the assays based on the detection of parasitic materials are stool 
tests. Collection of stools is difficult in some countries because 
of culture barriers. It also potentially exposes health care work-
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ers to cysticercosis infections through exposure to eggs in the 
stools of tapeworm carriers. On the other hand, rES33 and 
rES38 tests are serological tests. Blood can be collected by 
simple finger sticks. These tests are also more easily imple-
mented in large-scale surveys to determine the prevalence of 
taeniasis (Oegiorgio et a!., 2005). Second, tests are easy to per-
form. All the stool tests require technical expertise and sophis-
ticated laboratory instruments. We are in the process of devel-
oping a dipstick format of taeniasis diagnostic test using rES33 
and rES38. Together with finger stick sample collection, dip-
stick tests will require minimum training and can be easily per-
formed by local health care workers in developing countries. 
Both laboratory tests and field tests showed that rES33 and 
rES38 are sensitive and specific as diagnostic antigens for T. 
solium taeniasis. In the Peruvian field trials, where cysticercosis 
is endemic, rES33 is better able to differentiate T. solium from 
T. saginata adult tapeworm infections. Compared with the na-
tive TSES taenaisis diagnostic test, these 2 recombinant tests 
are much easier to read and have the similar levels of sensitivity 
and specificity. Production of the test does not rely on any par-
asitic material and is highly reproducible, cheaper, and faster. 
rES33 and rES38 have already replaced the native TSES tae-
niasis diagnostic test in our cysticercosis elimination program 
in Peru. Currently, we are in the process of developing quan-
titative ELISA format tests and rapid dipstick format tests for 
both antigens. Projects are also ongoing to study the longevity 
of the rES33 and rES38 antibodies. The test that detects anti-
bodies with shorter duration, which indicates more current in-
fections, will be our choice for the taeniasis serological diag-
nosis. Our final goal is to develop a rapid, accurate taeniasis 
serological diagnostic test with low cost, which can be used in 
the field and in the developing countries where the test is most 
needed. With the availability of these 2 recombinant antigens, 
this goal will be more attainable. 
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Infection of Myxobolus galaxii (Myxozoa) in Galaxias maculatus 
(Osmeriformes: Galaxiidae) From Northwestern Patagonian Andean Lakes (Argentina) 
Veronica Flores and Gustavo Viozzi, CONICET-UNC Laboratorio de Parasitologfa. Centro Regional Universitario Bariloche, 
Quintral 1250 (8400), San Carlos de Bariloche, Argentina. e-mail: vflores@crub.uncoma.edu.ar 
ABSTRACT: The infection of Myxobolus galaxii Szidat, 1953, from the 
musculature and abdominal organs of northwestern Patagonian Galaxias 
maculatus is described. Plasmodia are histozoic and intercellular. Spores 
are pyriform in valvar view and biconvex in sutural view, with 4-9 
edge notches in the sutural line, varying in shape within the same plas-
modium. Myxobolus galaxii was detected in fish from 7 of 17 Andean 
Patagonian lakes, with prevalences ranging between 2 and 17%. A re-
peating pattern of summer increment in prevalence was observed, which 
could be explained by the ontogenetic migratory movements of the fish 
in Lake Gutierrez. Also, accumulation of plasmodia through the life 
span of fish was detected. 
Galaxias maculatus (puyen) is a circum-Antarctic fish species dis-
tributed in Chile, Argentina, Malvinas Islands, Australia, and New Zea-
land (Berra et at, 1996), Four species of Myxobolus (Biitschli, 1882) 
parasitizing G, maculatus (Jenyns) have been recorded: Myxobolus gal-
axii Szidat, 1953, is from the musculature and other abdominal organs 
and Myxobolus magellanicus Szidat, 1953, is reported from the gills of 
fish collected in Tierra del Fuego (southern Patagonia, Argentina); Myx-
obolus iucundus Hine, 1976, was found to parasitize muscles of fish in 
New Zealand; and Myxobolus bartoni Kalavati, Brickle, et MacKenzie, 
2000, was reported in the trunk musculature of specimens from the 
Malvinas Islands (Szidat, 1953; Hine, 1976; Kalavati et aI" 2000), 
During a survey of parasites of G. maculatus from northwestern Pata-
gonian lakes, plasmodia containing spores like those of M. galaxii de-
scribed by Szidat (1953) were found in the musculature and abdominal 
organs of fishes. The original description of M. galaxii did not report 
the distribution in tissues, the type of sporogenesis, the number and the 
position of polar filaments, or the histological and ecological features 
of infection. The aim of this study was to characterize the infection of 
M. galaxii from muscles and other organs of G. maculatus from north-
western Andean Patagonian lakes. 
Fish were captured with baited traps in 17 oligotrophic lakes located 
in northwestern Argentinean Patagonia between 400]0'S and 41°30'S 
(Table I). All of these lakes have only landlocked popUlations of G. 
TABLE 1. Coordinates of lakes, sample size, and prevalence of infection 
of Myxobolus galaxii from Galaxias maculatus. • 
Prevalence 
Lake Coordinates Sample size (%) 
Lacar 4001O'S-71°30'W 31 16 
Villarino 40028'S-71°35'W 20 
Filo Hua Hum 40°32' S-71 °20'W. • 20 
Espejo 40°41 'S-71°42'W 24 
Traful 40°41 'S-71 °35'W 24 
Correntoso 40044'S-71°39'W 35 
Pire 40044'S-71°39'W 35 14 
Nahuel Huapf 40048'S-71°39'W 24 8 
Moreno 41 °04'S-71 °33'W 64 2 
Escondido 41 °04'S-71 °35'W 41 
Gutierrez 41 °11 'S-71 °25'W 52 17 
Mallin Ingeniero 41°15'S-71°40'W 24 4 
Mascardi 41 °17'S-71 °34'W 73 15 
Fonck 41°19'S-71°45'W 12 
Hess 41 °22'S-71 °43'W 17 
Guillelmo 41 °23'S-71 °27'W 37 
Steffen 41°30'S-71°40'W 27 
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TABLE II. Seasonal sample size and mean length (:+:SD) of Galaxias 
maculatus from Lake Gutierrez. 
Season n Mean length (mm) SD 
1995 
Summer 52 47.4 3.9 
Autumn 141 49.2 5.8 
Winter 96 40.0 3.1 
Spring 61 44.5 5.1 
1996 
Summer 135 45.4 4.3 
Autumn 166 46.4 4.9 
Winter 105 42.5 4.9 
Spring 134 42.5 5.4 
1997 
Summer 154 44.2 5.0 
maculatus. Tn Lake Gutierrez. The fish mature at I yr of age and spawn 
in the littoral zones of the lakes from early spring to early summer 
(Barriga et aI" 2002). Lake Gutierrez has a surface area of 16.4 km2, 
and a maximum depth of 111.2 m. After capture, the fish were trans-
ported to the laboratory and kept alive at 6 C until killed and necropsied 
between 24 and 48 hr after capture. Samples of 12-73 fish from 17 
Andean Patagonian lakes were collected in the summer-autumn (Table 
T). Specimens from Lake Gutierrez were collected monthly from Feb-
ruary 1995 to February 1997. Sex and total length of fish were recorded. 
Musculature and abdominal organs were removed. Plasmodia were dis-
sected to obtain fresh spores or fixed in 10% buffered formalin. Mus-
culature was fixed in 10% buffered formalin, dehydrated in graded eth-
anol series, cleared in xylene, and embedded in paraffin. Histological 
sections (7 fLm thick) were stained with hematoxilin and eosin. Mor-
phometric measurements were based on 141 fresh and 80 fixed spores 
obtained randomly from plasmodia of different fish. Measurements are 
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FIGURE 1. Seasonal fluctuation of water temperature and prevalence 
of Myxobolus galaxii in Galaxias maculatus from Lake Gutierrez. 
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FIGURE 2. Prevalence of Myxobolus galaxii in relation to length of 
Galaxias lIlacula/us f rom L ake Gutierrez. 
given in micrometers, with mean and standard dev iation fo llowed by 
range in parenthesis. 
The data for monthly samples f rom Lake Gutierrez were grouped 
into seasons according to water temperature. Sample size and mean 
length of fish are summari zed in Table II. Prevalence of infection was 
ca lculated according to 8u h et al. ( 1997) . The correlation between 
prevalence and water temperature and length of fish was analyzed with 
a Spearman rank correlation test (Conover, 1980). A test of indepen-
dence (Conover, 1980) was carried out to establish the relation hip be-
tween prevalence and the host 's sex. A I -way analysis of variance test 
FIGURE 3. Plasmodia of Myxobolus galaxii in Galaxias macula/us. 
(A ) Plasmodia in musculature of caudal peduncle, visible through the 
integument. (8 ) Plasmodia dissected from musculature. (C ) Plasmod i-
um on gut surface surrounded by mesentery. Scale bar = 1,000 fLm. 
RESEARCH NOTE 419 
FIGURE 4. Histological section of Myxobolus galaxii plasmodium in 
musculature of Galaxias macula/us. Scale bar = 100 fLm (A, 8 ) . 
was employed to evaluate differences in the size of the fish among 
seasons and a multiple compari son Sheffe test was used to detect the 
differences in the length of fish between seasons (Sokal and Rohl f, 
198 1). All P < 0.05 were considered significant. 
In total, 1,044 G. macula /us from Lake Gutierrez were analyzed (Ta-
ble II ). Significant differences in fi sh length were detected between sea-
sons (F = 8 1.328; P = 0.000 I ); a Scheffe test showed that the speci-
mens in the winter samples were significantly smaller than the fish of 
the other sea ons. M ax imum values of prevalence were detected in the 
summers of 1995 and 1996 ( 17 and 13%, respecti vely) and minimum 
values in spring 1995 and 1996 (3 and 5%, respectively) (Fig. I ). No 
ignificant correlation was found between the water temperature and 
prevalence ("s = 0.515 ; P = 0.156). The prevalence of M. galaxii in-
creased with total length of G. macula /us (Fig. 2), and there was a 
significant positive correlation between these 2 variables ("s = 0.786; 
P = 0.021). The sex of 587 fish specimens was determined; 372 were 
female and 2 15 were male. Prevalence was not significantly different 
(X2 = 0.56; P > 0.05) between males ( 16%) and females ( 14%). 
The plasmodia located in musculature ( 14.4%) were vi ible through 
the integument as elongated spots and were di tributed throughout stri -
ated muscle of the fl ank and caudal peduncle (Fig. 3A). In abdominal 
organs, plasmodia were located in the gut (58.9%), spleen ( I 1.1 %), 
kidney (8 .9%), gonads (4.4%), and li ver (2.2%). They were white and 
usually subspherica l in shape (Fig 38 ) . In spleen, li ver, and kidney, the 
pIa modia were found in the parenchyma. In the gonad , they were 
embedded in the ti ssues, and in the digesti ve tract, they were found in 
the ti ssues or protruding from the surface into the abdominal cav ity 
surrounded by mesenteries (Fig. 3C). The plasmodia, 585.1 :!: 120.2 
(426- 850) fLm long and 15 1.9 :!: 43.8 (85- 227) fLm wide (n = 13), 
have a thin wall (Fig. 4A). They are hi stozoic, intercellular, and poly-
sporous. Sporogenesis is synchronous (Fig. 48). 0 gross or ti ssue le-
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FtGURE 5. Photomicrographs of fo rmalin-fixed spores of M yxobolus 
galaxii from mu cles of Calaxias maculalus showing morphological 
variability. Scale bar = 15 fLm (A, 8 ). 
sions were observed by light microscopy. The only host reaction de-
tected was the formation of a connec ti ve ti ssue-like capsule around the 
plasmodia (Fig. 4 B). 
Mature spores were smooth , pyriform to ovate in fronta l view, and 
biconvex in sutura l view. They have a stra ight sutural line, with 4 - 9 
small edge notches (Fig. SA). A mucous envelope and triangular inter-
capsular processes were absent. An iodophilous vacuole was not ob-
served. Measurements of fresh and fixed spores are g iven in Table Ill. 
The polar filaments exhibited 9- 12 coils perpendicular to the longitu-
dinal ax is of the po lar capsules. The polar capsule dimensions and the 
re lation of the polar capsule to spore length are shown in Table Ill. 
Variation in morphology of spores can be found even in the a rne plas-
mod ium. A few spores with an e longated caudal zone of va lves in 
plasmodia from musculature were observed (Fig. SA- B). 
Sea onal fluctuation in the prevalence of myxosporeans appears to 
be common in those species havi ng cysts on exposed host surfaces 
(Cone, 1994), like M . magellanicus, which are re leased from the fi sh 
when spores are malure (Flores and Viozzi, 2001). Hi stozoic species 
found deep in host ti ssues. like M . galaxii, have a di spersal strategy 
requiring host death (Marcogliese and Cone, 2001 ). These diverse strat-
egies lead to differences in the annual infection cycle of M . magellan-
icus and M. galaxii in the same C. maculalLis population. The infection 
pattern of M. galaxii in Lake Gutierrez showed that the young C. ma-
culalLls had the lowest va lues of prevalence and increased with fi sh 
length. Because plasmodia are accumulated through the life span of fi sh 
and spore are not re leased until death , the probability of becom ing 
infected seems to increase with the size of the fish because of the length 
of time they are exposed to infection. During the study period, there 
was a repeating pattern of a summer increase of prevalence and a de-
cline from summer to spring, which could be explained by the signifi -
cantly smaller s ize of the specimens captured in winter (Table II ). This 
infection patte rn could be re lated to the life history of C. macLi la lus in 
Lake Gutie rrez (i.e., the spawning period ranges from spring to summer 
so that larvae are found in autumn and juveniles are mostly found in 
winter) (Barriga et aI. , 2002). In contrast, M . mageliallicLis show the 
highest va lues of prevalence in the smallest fish , with a peak prevalence 
in winter (Flo res and Viozzi, 200 I). 
In Patagonia, M yxidiLllll biliare Viozzi et Flores, 2003 (a coelozoic 
species with prevalences between 4 .2 and 70%), and M . magellanicLls 
(a surface species with prevalence between 3.2 and 50%) are wide ly 
distributed in lakes situated between 39"25'S and 4 1°30'S (Flores and 
Viozzi, 200 I; Viozzi and Flores, 2003). In contrast, the histozoic M . 
galaxii was found only in 7 lakes with prevalences rangi ng between 2 
and 17%. This prevalence and distribution patte rn is similar to that 
suggested by Cone et al. (2004), in which coelozoic species shedding 
spores from the live host would have higher local prevalence and a 
wider geographical range than hi tozoic species in which transmi s ion 
occur only after host death. All C. macLilatus populations paras itized 
by M . galaxii al 0 harbored M . magellanicus (Flores and Viozzi, 200 I). 
Although other native and introduced fishe have been examined for 
myxozoan infections in Patagonia (data not shown), M . galaxii is lim-
ited only to C . //laCLllalus. Szidat ( 1953) reported the presence of white 
plasmodia mainly located in musculature, kidney, and "other organs" 
in C. m.acLilaILis. In thi study, a multiorgan infection, mainly in the 
abdominal cavity (85.6%), was observed. The organ most frequently 
affected was the gut (58.9%) and the least frequently affected wa the 
TABLE Ill. Mea ures of M yxobolus ga laxii spores from musculature and internal organs of C alaxias macLilalus. 
Spore Spore Polar capsule Spore length/polar 
source Condition n Length Width Thickness Length Width capsule length ratio 
Mu culature Fixed 60 14. 1 ::!: 1.0 ( 12- 17) 9.7 ::!: 0.7 (8- 11 ) 8.0 ::!: 0.8 (7-9) 6.9 ::!: 0.7 (5-8) 3.4 ::!: 0.5 (3-4) 2. 1 ::!: 0.2 ( 1.6-2.5) 
Fresh 30 13.8 ::!: 0.7 (13- 15) 9.5 ::!: 0.7 (8- 11 ) 6.3 ::!: 0.6 (5- 7) 3.0 ::!: 0.2 (2.5-3) 2.2 ::!: 0.3 ( 1.9-2.8) 
Gonads Fixed 20 13.8 ::!: 0.8 ( 12- 15) 9.9 ::!: 0.5 (9- 11 ) 9 6.8 ::!: 0.7 (6-8) 3 2.0 ::!: 0.2 ( 1.6-2.5) 
Fresh II 14.9 ::!: 0.8 ( 13- 16) 9.5 ::!: 0.5 (9- 10) 8 7 3 2. 1 ::!: 0.1 ( 1.8- 2.3) 
Stomach Fresh 80 14.7 ::!: 0.8 ( 13- 17) 8.6 ::!: 1.0 (6- 10) 7.9 ::!: 0.5 (7- 9) 8. 1 ::!: 0.7 (7- 9) 3. 1 ::!: 0.3 (3-4) 1.8 ::!: 0.2 ( 1.4- 2.3) 
Inte tine Fresh 20 13.6 ::!: 0.7 ( 13- 16) 9.4 :!: 0 .7 (8- 10) 8 7.6 ::!: 0.5 (7- 8) 3.2 ::!: 0.3 (3-4) 1.8 ::!: O. I ( 1.6-2.0) 
Szidat ( 1953) Fixed ( 13.7- 15) (8.8- 10) 
• 
liver (2.2%). The spore length and width ranges of M. galaxii given by 
Szidat (1953) are within the range of our fixed and fresh spores, but 
variation in shape was not mentioned. In our material, the spores varied 
in length and width between those from the musculature and those from 
other organs. Such variations in spore sizes in multiorgan infections 
were also observed in Myxidium zealandieum Hine 1975 from the fresh-
water eel Anguilla australis (Hine, 1978). Mitchell (1989) demonstrated 
great intraspecific morphometric variation among spores of Myxobolus 
muelleri Biitschli, 1881, within individual plasmodia and among spores 
from different tissues of an individual squawfish Ptyehoeheilus orego-
nensis. 
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Paleoparasitological Analysis of a Raptor Pellet From Southern Patagonia 
M. H. Fugassa, N. H. Sardella, and G. M. Denegri, Laboratorio de Zoonosis Parasitarias, Deptamento de 8iolog[a, Universidad Nacional de 
Mar del Plata-CONICET, Argentina. e-mail: mfugassa@mdp.edu.ar 
ABSTRACT: Organic remains attributable to one regurgitated pellet were 
examined. The pellet, belonging to a bird of prey and collected from a 
cave of Southern Patagonia, was dated at 6,540 :!: 110 yr. With standard 
paleoparasitological procedures, eggs of Capillaria sp. and a mite, De-
modex sp., were found. The parasites found in the pellet belong to a 
rodent ingested by the bird. The present report constitutes the first pa-
leoparasitological study of a regurgitated pellet. 
• I 
Paleoparasitology includes the study of parasites isolated at archae-
ological and paleontological sites. Coprolites are the main sources of 
parasite findings, together with sediments of latrines, middens, and 
mummified tissues (Bouchet et al., 1999, 2003). The magnitude of the 
contributions that paleoparasitology offers to archaeology depends on 
the number of samples examined, the availability of different methods, 
i.e., the application of immunological techniques (Gon<;;alves et al., 
2003), DNA amplification of ancient material (Araujo et al., 1998), and 
the source of evidence. 
The improvement of methods applied to free sediments of burials, 
shell middens, and deposits of refuse have extended the scope of pa-
leoparasitology in Patagonia (Fugassa and Guich6n, 2005; Fugassa et 
al., 2006). The aim of the present study was to examine new archaeo-
logical material for paleoparasitological purposes. 
The sample was collected from the archaeological site, Cerro Casa 
de Piedra 5 (CCP5), located in the Perito Moreno National Park, Santa 
Cruz Province, Argentina, belonging to a deposit dated 6,540 :!: 110 yr 
B.P. (before present) (Aschero, 1996). CCP5 is a hill in the Nothofagus 
sp. forest Patagonian steppe ecotone, associated with human occupation 
of hunter-gatherer groups (Aschero, 1982; Aschero et al., 1992). The 
sample examined consisted of a light concretion, externally covered by 
hair, suggestive of a pellet regurgitated by a bird of prey (Marti, 1987). 
The pellet was described, measured, and weighed according to the 
method of Jouy-Avantin (2003). Two samples of approximately 0.5 g 
each, one from the surface and the other from the interior, of the con-
cretion were rehydrated with a 0.5% trisodium phosphate aqueous so-
lution (Callen and Cameron, 1960) and concentrated by spontaneous 
sedimentation according to Lutz (1919). The macroscopic remains were 
separated and dried to room temperature for diet analysis. 
Weight and volume of the sample were 7.78 g and approximately 38 
cm3, respectively (Fig. 1). Externally, it consisted of rodent hairs and 
quills. The partial dissection showed numerous bones of a small rodent. 
The sediment obtained was limited. Microscopic examination of the 
sample revealed eggs of Capillaria sp. with ornamented walls possess-
ing radial perforations (Fig. 2a), 37.5-42.5 /-Lm (36.25 :!: 6.29; n = 4) 
X 63.75-68.75 /-Lm (65.93 :!: 2.13; n = 4) in diameter. A mite, identified 
as Demodex sp. (112.5 X 32.5 /-Lm in diameter), was also identified 
(Fig. 2b). 
Microscopic examination of the concretion revealed that the hair frag-
ments of the rodent were more predominant (Chehebar and Martin, 
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FIGURE I. Pe llet (CCP5, Santa Cruz prov ince, Argentina, 6,540 :!: 
110 yr B.P' ). Scale bar = 2 cm. 
FIGURE 2. (a) Adult of Demodex sp. (b) Capillaria sp. egg. Scale 
bar = 40 IJ.m. 
1989) than the large charcoal frag ments and scanty egments of plant 
ti ssue and pollen grains. The scanty presence of sediment and the high 
proportion of hairs and bones support the idea that the concretion is a 
regurgitated pellet. Its ize and the zoological origin suggest it origi-
nated from Tyto alba or Bubo virginianus ( arosky and Yzurieta, 
1988). Today, the ite is a refuge of barn owl , T. alba (M. T. Civalero, 
pers. comm.). The eggs of the nematode are compatible with Capillaria 
hepatica, mostly paras ite of rodents (Thienpont et a I. , 1979). The pres-
ence of Demodex sp. is the fir t documentation from an ancient sample. 
The present report is the fi rst paleoparasi tological study of a regur-
gitated pelle t. The pellet provides evidence of nondige tible scale, 
fea thers, hair, and bones, most likely of rodent origin (Marti, 1987). 
Although pellets do not re fl ect the parasitic fauna of an indi vidual host, 
they may provide a parasitological record of prey. 
We thank Maria Teresa Ci valero (INAPL-CONICET) and Carlos As-
chero (UNT-CONICET) fo r providing the samples. Ricardo A. Guich6n, 
Susana L. Burry, and Pablo A. Martinez contributed to the laboratory 
work. Ed itorial comments were valuable in an early ver ion of the man-
uscript. This work is upported by PICT 03- 13889, PICTO 04-849, and 
CAPES/SECyT. 
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ABSTRACT: Studies reporting numbers of eggs in vagina and utero in 
nematodes often give little information of the technique used for the 
estimations. This situation hampers comparison among studies, because, 
so far, differences in estimations provided by different techniques have 
not been assessed. This note examines whether a manual method based 
on visual counts in aliquots and an automated method using a Coulter 
counter yield equivalent estimations of egg numbers in vagina and utero 
of 3 anisakid nematode species (Anisakis simplex, Pseudoterranova de-
cipiens, and Contracaecum osculatum). The number of eggs from 50 
females per nematode species was estimated using both techniques. The 
automated and manual methods yielded similar egg counts (correlation 
coefficients >0.9 in the 3 species), but the methods were not always 
statistically equivalent. The automated method was more precise and 
seemed less dependent on egg density, whereas the manual method was 
less time-consuming (contrary to previous perceptions) and less expen-
sive. Despite the higher precision of automated counts, the manual tech-
nique seemed to produce similar estimates; thus, it may be particularly 
useful in developing countries where nematode parasitism is prevalent 
in humans and domestic animals, but scientific resources are limited. 
Precise estimates of fecundity are very difficult to obtain in helminths 
of wild animals. Figures for the daily egg output, which can be used as 
a surrogate of fecundity, are often unavailable, and counts of eggs in 
vagina and utero are frequently the only accessible information to assess 
the fecundity potential (Cho et al., 1985; H!<ljgaard, 1998; Tompkins 
and Hudson, 1999; Richards and Lewis, 2001). Although egg counts 
do not necessarily reflect lifetime fecundity but rather represent point 
estimates in time of egg production, this variable has proven useful in 
nematodes to study density-dependent effects (Marcogliese, 1997; Si-
mard, 1997; Tompkins and Hudson, 1999; Irvine et aI., 2001) and host 
responses (Stear et aI., 1995; Aumont et al., 2003; Gruner et al., 2003, 
2004; Martfnez-Valladares et al., 2005). 
In the course of ongoing investigations of the life history traits of 3 
marine anisakid nematode species (Anisakis simplex, Pseudoterranova 
decipiens, and Contracaecum osculatum), we considered the issue of 
comparing methods to estimate the number of eggs in vagina and utero. 
Although several studies provide eggs counts in nematodes, details of 
the technique used for the estimation are often incomplete or lacking. 
(In a casual literature search, only about 9 of 27 papers found described 
the estimation procedure in detail.) This situation hampers comparison 
among studies and may cast doubt on conclusions drawn from meta-
analyses, because, to date, the potential differences in estimations due 
to different techniques have not been assessed. 
Methods used to estimate eggs in vagina .apd utero of nematodes fall 
into 2 categories, namely, manual procedures based on egg counts in 
aliquot samples and automated particle-counting techniques, e.g., Coul-
ter counting. Both manual (McClelland, 1980; H!<ljgaard, 1998; Ugland 
et al., 2004) and automatic approaches (Smith, 1987; Marcogliese, 
1997; Simard, 1997) have been already applied to anisakid nematodes. 
The objectives of the present work are 2-fold. First, we examine for 
each of the 3 species whether a manual method based on sample ali-
quots and an automatic method using a Coulter counter provide equiv-
alent estimations of egg numbers per worm. Second, because the choice 
of 1 method over the other method seems to primarily be driven by 
practical matters, such as the availability and cost of equipment and the 
time required by each technique, we briefly analyze the cost-benefit of 
both methods. 
Fifty females of 3 anisakid species (A. simplex, P. decipiens, and C. 
osculatum) each were obtained from the stomach of 9 harbor porpoises, 
Phocoena phocoena, off the coast of Demnark for A. simplex, and from 
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12 grey seals, Halichoerus grypus, from the Gulf of St. Lawrence (Canada) 
for both P. decipiens and C. osculatum. (All hosts were collected in com-
pliance with applicable legislation.) Because these anisakid species form 
respective complexes of sibling species, based on the geographical distri-
bution and host species of our specimens, we assume that they represent 
A. simplex sensu stricto, P. decipiens sensu stricto, and C. osculatum B 
(Brattey and Stenson, 1993; Mattiucci et al., 1997); but for convenience, 
we designate them as A. simplex, P. decipiens, and C. osculatum. 
For the automated method, the vagina and uterus of each individual 
were removed, and the walls were cut longitudinally. The liberated eggs 
were placed in a filtered isotonic saline solution, and the suspension 
was sonicated with a Sonics Vibra-Cell sonicator (Sonics & Materials, 
Inc., Newtown, Connecticut) for 4-8 min to prevent clumping of eggs. 
Alternatively, if the uterus was too small or delicate to be easily re-
moved (particularly in the smallest specimens), the whole worm, with 
the body and uterus cut open, was sonicated. All samples were subse-
quently filtered with a O.l-mm mesh sieve to reduce the amount of 
somatic debris that could interfere with the automated counting. 
The counts were carried out with a Coulter Counter Z2 (Beckman Coul-
ter, Fullerton, California). The sample volumes administered to the counter 
were established based on a priori expectations of egg numbers (Smith, 
1987); 150 ml for A. simplex and 100 ml for both P. decipiens and C. 
osculatum were used. To calibrate the equipment, egg diameters were mea-
sured in a stereomicroscope, and the initial particle size ranges required by 
the counter were set accordingly for each species. In addition, because egg 
diameters ranged from 40 to 80 IlJIl globally, the aperture diameter of the 
diluent pick-up tube was set at 120 JJ.m in the 3 species. 
Each egg suspension sample, corresponding to an individual worm, 
was stirred for homogenization, and 1 ml was taken by the counter to 
perform the estimation. This operation was carried out 5 times per sam-
ple, and the arithmetic mean of the 5 counts corresponding to 1 ml was 
used to compute the estimate for the total volume of the sample. 
The same egg suspensions used with the Coulter counter were used 
for the manual estimations. Five aliquots of 10 JJ.l (A. simplex) or 20 
JJ.l (P. decipiens and C. osculatum) were placed in separate well plates, 
and the eggs were counted under a stereomicroscope. The arithmetic 
mean of the 5 counts corresponding to each aliquot served to infer the 
number of eggs in the total volume of the sample. 
The precision of the 2 methods was assessed by computing the co-
efficients of variation of the 5 measurements per sample. To test the 
equivalence of the automated and manual methods, a straight line was 
fitted for each nematode species to the estimates obtained by each tech-
nique, where the manual and automated counts were arbitrarily set as 
X and Y, respectively. This approach provides a convenient null hy-
pothesis, because the 2 methods can be considered as equivalent if both 
the slope and the intercept do not differ significantly from 1 and 0, 
respectively, i.e., Y = X. 
Because both variables were subject to error and we were interested 
in finding a functional relationship between them, a model II regression 
method was used. The major axis (MA) regression was chosen because 
it is particularly appropriate to test the identity of 2 independent mea-
sures of the same quantity (Rayner, 1985); it has the additional advan-
tage of affording unbiased slope estimates and accurate confidence in-
tervals (Jolicoeur, 1990). 
Although the egg counts were nested by host, a preliminary analysis 
(hierarchical comparison of variance-covariance matrices [Phillips and 
Arnold, 1999]) indicated that the variance-covariance matrices of X and 
Y among hosts matrices can be regarded as proportional in the 3 nem-
atode species; thus, the joint variation of X and Y can be effectively 
and satisfactorily described by a common-to-all-hosts MA line. In A. 
simplex, the line was fitted with and without an outlier (observation 
424 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.2, APRIL 2007 
TABLE 1. Slopes and intercepts of an MA regression between egg numbers in vagina and utero estimated by a manual method based on aliquots 
(X) and an automated method using a Coulter counter (Y). 
Slope 
Species b 95% CI 
A. simplex 1.112 1.034-1.197 
A. simplex* 1.026 0.951-1.106 
P. decipiens 0.935 0.889--0.983 
C. osculatum 0.913 0.813-1.024 
* Without an outlier (see Fig. lA). 
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with large residual and more than 2 SDs from the mean of both X and 
Y) to ponder the influence of that particular point. 
A computer program by Legendre (2001) was used to calculate the 
MA slopes, intercepts, and corresponding 95% parametric confidence 
intervals. The null hypothesis of equivalence between the 2 methods 
then could be tested by establishing whether the 95% confidence inter-
vals for the slope and intercept included the values 1 and 0, respectively. 
The cost-benefit analysis was based on a comparison between the man-
ual and automated techniques and accounted for both the time per person 
taken to process a single individual female and the cost of equipment (ob-
tained from catalogs or from quotations by local suppliers). The cost of a 
stereomicroscope required for each procedure, and consumables, which 
were considered to be similar in both methods, was not considered. 
Figure 1 displays plots of both manual and Coulter counts for each 
nematode species together with the MA lines adjusted to the data. The 
slopes, intercepts, and respective confidence intervals for each nematode 
species are shown in Table 1. The hypothesis of equivalence between 
the 2 methods could not be rejected in 2 of the 4 situations tested, i.e., 
for A. simplex (outlier excluded) and for C. osculatum (Table I). The 
precision of the 5 measurements taken per sample was much higher in 
the automated method in the 3 species as revealed by the lower coef-
ficients of variations (Table II). 
The time used for preparation of samples was very similar in both 
methods, 15-20 min person- 1 specimen- 1 for dissection, eggs extrac-
tion, and sonication, but the automated method required some additional 
3 min person-1 specimen- 1 to filter the egg suspensions. 
The automated method took about 8 min person- 1 specimen-1 for 
counting and some 10 min person- 1 specimen-1 to prepare the Coulter 
counter for a new measurement (drain and fill the aperture tube), where-
as the manual procedure required 2 min person- 1 specimen- 1 for aliquot 
homogenization and pipetting and 5-10 min person- 1 specimen- 1 (de-
pending on egg density) for egg counting of all 5 aliquots. Overall, the 
manual method required 10-15 min person- 1 specimen- 1 less than the 
automated procedure. Moreover, because sonication is not essential in 
the manual method (although the sample should be stirred to homoge-
nize the suspension and prevent precipitation of eggs when taking the 
aliquots), this step can be skipped, resulting in an even shorter pro-
cessing time per person and specimen than in the automated technique. 
The approximate costs of equipment for the automated method were 
$22,000 for the Coulter counter and $7,200 for the sonicator. In the manual 
procedure, the sonicator can be replaced by a much cheaper magnetic stirrer 
($100-700). Thus, the equipment required by the automated method is 
some $28,000 more expensive than that of the manual method. 
The present study' provides the first comparison of a manual method 
based on sample aliquots and an automated method using a Coulter counter 
FIGURE 1. Relationship between estimates of egg numbers in vagina 
and utero of 3 nematode species obtained by a manual method based 
on aliquots (X) and an automated method using a Coulter counter (Y). 
(A) Anisakis simplex. (B) Pseudoterranova decipiens. (C) Contracae-
cum osculatum. MA regressions (solid lines) were adjusted to each spe-
cies and compared to the null hypothesis of equivalence of the 2 meth-
ods, i.e., Y = X (dotted lines). In A. simplex, and additional regression 
line (dashed line) was fitted excluding an outlier (arrow). (Regression 
parameters are displayed in Table I). 
TABLE II. Coefficients of variation (%) of 5 estimates of egg numbers 
in vagina and utero obtained by a manual method based on aliquots and 
an automated method using a Coulter counter. 
Manual Automated 
Species Mean ± SD Range Mean ± SD Range 
A. simplex 19.4 ± 9.4 5.2-60.2 2.2 ± 1.1 0.7-5.5 
P. decipiens 41.2 ± 34.7 34.6-223.6 5.9 ± 3.8 5.5-15.8 
C. osculatum 84.5 ± 43.6 24.8-223.6 15.4 ± 14.7 1.7-94.8 
to estimate the number of eggs in vagina and utero of any nematode spe-
cies. Although the correlation between the counts provided by the 2 meth-
ods was very high (>0.9 in all 3 species) and the slopes and intercepts did 
not differ substantially from 0 and 1, respectively (as shown by the 95% 
confidence intervals), both methods could not always be considered as 
strictly equivalent. Therefore, 1 conclusion is that the quality of further 
comparisons and meta-analyses would be greatly improved if authors re-
ported and described the method used for counting of eggs. 
Our results also showed that the automated method is more precise 
and less dependent on egg density in the sample than the manual meth-
od. The precision of the manual approach might be improved by ad-
justing the diluent volume in individual samples. For example, the out-
lier observation in A. simplex corresponded to a female whose uterus, 
according to the automated method, contained about 1.2 million eggs, 
whereas the manual estimation yielded about 1 million eggs. We suspect 
that the large discrepancy (ca. 17%) between the 2 methods possibly 
could be attributed to the large density of eggs in the aliquots of the 
manual estimations making visual counting difficult, and the use of a 
larger diluent volume (reducing egg density) probably would have 
yielded a better estimate. Similarly, in 3 cases (1 case in P. decipiens 
and 2 cases in C. osculatum), the automated method recorded 6,680 
eggs in P. decipiens and 160 and 400 eggs in C. osculatum, whereas 
no eggs were detected in the aliquots, suggesting that the sample vol-
ume was too large (or the number of aliquots was too small). 
Increasing the number of aliquots and adjusting diluent volumes would 
increase processing time; thus, researchers should consider the scale of the 
investigation and nature of their samples for a proper cost-benefit analysis 
of each individual study. Nevertheless, the present study suggests that in 
most instances, manual counting of eggs might not be much more tedious 
and time-consuming than automated methods (Smith, 1987). Therefore, a 
second conclusion from our study is that although the automated method 
is more precise and less dependent on egg density, manual counts provided 
similar estimates (as shown by the high correlation between methods) in a 
reasonable time frame and at a lower cost. This latter factor seems partic-
ularly relevant for small laboratories, especially those located in developing 
countries where human and animal nematodiases are common, but scientific 
resources are limited. 
The present study was based on 3 anisakid species, but the 2 con-
clusions drawn seem widely applicable to other nematode species, at 
least those having comparable numbers of eggs in vagina and utero and 
similar egg sizes. 
We thank Carmen Rojo and Vicent Primo for facilitating access to 
some of the equipment and for providing ad<vice on its use. Technical 
assistance by Mercedes Manez and Elena Tiebas was much appreciated. 
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ported by the Department of Enterprise, University and Science of the 
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ABSTRACT: The molecular i4entification of species and genotypes of 
Giardia spp, infecting wild mammals represents the most reliable tool 
to understand the role played by these animals as reservoirs of cysts 
infectious for human and other animals. Of 139 fecal samples collected 
from fallow deer (Daln4 dama L.) hunted in a Natural Reserve of north-
ern Italy, the prevalence of Giardia sp. was 11.5% (16 of 139 animals), 
and it was higher in fawns than in older animals. Fragments of the 13-
giardin and triose phosphate isomerase (tpi) genes were successfully 
polymerase chain reaction amplified and sequenced from 8 isolates. No 
sequence variation was observed between isolates at the 2 genetic loci. 
Sequence and phylogenetic analyses identified a Giardia duodenalis 
sUbtype that clusters with assemblage A isolates and that shows ho-
mologies of 98 and 97% at the j3-giardin and tpi loci, respectively, 
compared with the Al subtype. Because the G. duodenalis subtype 
found in fecal samples of fallow deer has never been detected previ-
ously, its role as a pathogen for humans and domestic animals is un-
known, but, considering its genetic pistinctiveness, it is likely to be low. 
Giardia duodenalis (syn. G. intestinalis, G. lamblia) is the only spe-
cies within the Giardia genus that is responsible for infection of humans 
and other mammals, including pets and livestock (Thompson and Mon-
is, 2004). This protozoan produces robust cysts, which are voided in 
the feces and transmitted directly through fecal/oral contact, or indi-
rectly by ingestion of contaminated water and food. Water has been 
increasingly recognized as an important vehicle, and many waterborne 
outbreaks have been reported in economically developed countries 
(Smith et al., 2006). 
In spite of its invariant morphology, genetic analyses have demon-
strated that G. duodenalis is a species complex composed of at least 7 
distinct assembll\ges (Monis et aI., 2003). Assemblages A and B have 
been detected in a wide range of mammalian hosts, including humans, 
whereas the remaining assemblages (C-G) are host-specific and have 
never been isolated from humans (Monis et al., 1999, 2003; Sulaiman 
et al., 2003). To understand the epidemiology of the infection, and in 
particular, the impact of the zoonotic transmission, the direct molecular 
characterization of Giardia spp. cysts in fecal samples represents the 
most reliable and informative approach (Caccio et al., 2005). 
In hoofed animals (Artiodactyla), molecular investigations have dem-
onstrated the presence of the host-adapted assemblage E of G. dModen-
alis (Ey et al., 1997), but livestock animals also may be infected with 
potentially zoonotic assemblages A and B (Trout et aI., 2004; Lalle et 
al., 2005; Ryan et aI., 2005), Therefore, understanding the role of 
hoofed animals as potential sources of human infectious cysts is an area 
of epidemiologic interest (Appelbee et aI., 2005). 
In Italy, little is known about the prevalence of giardiasis in hoofed 
animals, and the data are limited to livestock (Berrilli et aI., 2004; 
Giangaspero et aI., 2005; Lalle et al., 1.(05). The aim of the present 
study was to examine the prevalence of Giardia spp. in a sample of 
fallow deer (Dama dama L.) and to determine the species/subtypes by 
using molecular methods. 
Fecal samples were collected in the Boscone della Mesola (longitude 
l2°13'E; latitude 44°55'N; Emilia-Romagna Region, northeast ofItaly), 
one of the largest Italian floodplain forest (1,058 hal and a Natural 
Reserve since 1977. A population of 500/600 fallow deer live in this 
area. The extensive overgrazing by fallow deer in the forest has re-
moved most of the ground flora and suppressed tree regeneration; there-
fore, a program of selective culling was initiated (Mattioli et aI., 2003). 
Between September 2005 and February 2006, fecal samples were col-
lected from the rectum of 139 killed animals (corresponding to an es-
timated 23% of the population), transferred to clean plastic bags, and 
brought immediately to the laboratory. The first screening for the pres-
ence of Giardia sp. cysts was made by flotation in a sodium nitrate 
solution (specific gravity 1.3 g/m!) and microscopic examination of un-
stained samples. Sixteen samples tested positive, and 13 samples were 
sent to the Istituto Superiore di Sanita of Rome for further parasitolog-
ical analyses and for molecular identification. Samples were filtered 
through a mesh, washed with phosphate-buffered saline solution, and 
subjected to centrifugation on 1 M sucrose gradient for 10 min at 800 
g. After the flotation step, the presence of Giardia spp. cysts was as-
sessed by immunofluorescence (IF) microscopy using fluorescein iso-
thiocyanate-conjugated cyst wall-specific antibodies (Merifluor, Merid-
ian Bioscience, Cincinnati, Ohio). 
DNA was extracted directly from fecal samples by using the Fast 
Prep (Qbiogene, Illkirch Cedex, France) procedure as described by da 
Silva et al. (1999). Briefly, an aliquot of fecal sample was homogenized 
using the FP120 Fast Prep Cell disruptor (Savant, Thermo ElectrQ Cor-
poration, Woburn, Massachusetts). The DNA released after the lysis 
step was purified using the Fast DNA extraction kit (Qbiogene). 
A 511-base pair (bp) fragment of the j3-giardin gene was amplified 
by nested polymerase chain reaction (PCR) by using the conditions 
described previously (Lalle et aI., 2005). Similarly, a 530-bp fragment 
of the triose phosphate isomerase (tpi) was amplified by nested PCR by 
using the protocol described by Sulaiman et al. (2003). The primary 
PCR reaction consisted of 5 fLl of lOX PCR buffer (Promega, Milan, 
Italy), 1.5 mM MgCI2, 200 fLM each of dNTP, 20 pmol of each primer, 
0.2 fLl (I unit) of GoTaq DNA polymerase (Promega), and 3 fLl of DNA 
in a total reaction volume of 50 fLl. For the nested PCR, 2.5-5 fLl of 
the first PCR was used as template. The primary PCR reaction was 
carried out for 35 cycles, each consisting of 94 C for 30 sec, 65 C (13-
giardin) or 50 C (tpi) for 30 sec, and 72 C for 1 min in aT-personal 
thermQcycler (Whatrnan-Biometra, Goettingen, Germany), with an ini-
tial hot start at 94 C for 2 min and a final extension at 72 C for 7 min. 
The conditions for the tpi nested PCR were identical to that of the 
primary reaction, whereas for the j3-giardin, the annealing temperature 
was set at 53 C and the extension time at 30 sec. PCR products were 
separated by electrophoresis in 1 % agarose gels stained with ethidium 
bromide. 
PCR products were purified using the QIAquick purification kit 
(QIAGBN, Milan, Italy) and sequenced on both strands by using the 
ABI Prism BIGDYE Terminator Cycle Sequencing kit (Applied Bio-
systems, Milan, Italy) and the same sets of primers used for PCR. The 
sequencing reactions were analyzed using the ABI 3100 automatic se-
quencer (Applied Biosystems), and sequences were assembled using the 
software program SeqMan II (DNASTAR, Madison, Wisconsin). The 
tpi and j3-giardin sequences from the fallow deer hl\ve been deposited 
in the GenBank database under the accession numbers DQ650648 and 
DQ650649, respectively. 
The nucleotide sequences of tpi gene fragments from selected Giar-
dia species and G, duodenalis assemblages (see legend to Fig. 1) were 
retrieved from the GenBank database and aligned with the fallow deer 
sequence by using the program Clustal X (Thompson et aI., 1997). 
Phylogenetic analysis was performed using MEGA 3.1 (Kumar et aI., 
2004). Distance-based analyses were conducted using Kimura 2-param-
eter distance estimates, and trees were constructed using the neighbor-
joining algorithm. Bootstrap proportions were calculated by the analysis 
of 1,000 replicates for neighbor-joining trees. 
Of 139 fecal samples tested, 16 (11.5%) were positive for Giardia 
sp. cysts by using microscopic or IF assays. The prevalence was higher 
in fawns (average 14.9%) than in older animals (average 5.5%; Table 
I). The j3-giardin and tpi gene fragments were successfully PCR am-
plified and sequenced from 8 of the 13 samples from which DNA ex-
traction was attempted. No sequence variation was observed among 
fallow deer isolates at both loci. At the j3-giardin locus, comparison of 
the fallow deer sequence with the reference SUbtype Al (GenBank 
X85958) showed a homology of 98%, with 8 synonymous nucleotide 
substitutions (Table II). Importantly, the j3-giardin sequence was found 
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TABLE I. Prevalence of Giardia spp. cysts in fecal samples of fallow 
deer as a function of age and sex. 
No. of 
Age animals tested! Male testedl Female tested! 
group (yr) positive (%) positive (%) positive (%) 
1-2 94114 (14.9) 42/9 (21.4) 52/5 (9.6) 
2-5 36/2 (5.5) 1111 (9.1) 25/1 (4.0) 
>5 9/0 (0) 9/0 (0) 010 (0) 
Total 139/16 (11.5) 62/10 (16.1) 77/6 (7.8) 
to be identical to that obtained from a wild moose (Alces alees) isolate 
from Norway (GenBank DQ648777), a result that enlarges the host 
range of the G. duodena lis subtype to different cervine species. At the 
tpi locus, the fallow deer sequence showed a homology of 97% com-
pared with the reference subtype Al (GenBank L02120), with 14 nu-
cleotide substitutions, including 1 nonsynonymous substitution (Table 
II). The phylogenetic analysis of the tpi nucleotide sequences showed 
that the fallow deer sUbtype clusters with assemblage A subtypes, and 
bootstrap analysis indicated strong statistical support for this grouping 
(Fig. 1). 
Little is known about the prevalence of Giardia spp. in cervine an-
imals, and most surveys have been performed in North America. In 
northern California, only 3 (3.7%) samples of 82 collected from adult 
fallow deer, Columbian black-tailed deer (Odocoileus hemionus col-
umbianus), and Tule elks (Cervus elaphus nannodes), contained Giardia 
sp. cysts (Deng and Cliver, 1999). Only I of 26 (3.8%) samples col-
lected from hunter-killed white-tailed deer (Odocoileus virginianus) in 
a central county of Maryland, was positive for Giardia sp. cysts (Trout 
et aI., 2003). A prevalence of 2.9 and 1.1 % was observed in free-rang-
ing white-tailed deer from Virginia and Mississippi, respectively (Rick-
ard et aI., 1999). These studies suggest an average prevalence close to 
3% in the United States, albeit this figure may be underestimated due 
to sampling bias, the intermittent shedding of Giardia spp. cysts and 
the examination of a single fecal sample per animal. 
The present study shows that molecular typing of Giardia cysts in 
fecal samples of Italian fallow deer identified a novel, unique sUbtype 
within the G. duodenalis assemblage A. As far as we know, this subtype 
has never been identified in humans or in other mammalian hosts, and 
this opens the question whether it is host-adapted or whether it can play 
a zoonotic role. The natural reserve under study is a popular spot for 
tourism, with an estimated 50,000 visitors/yr. Although the risk for di-
rect zoonotic transmission of Giardia sp. cysts to humans is probably 
low, it is important to monitor Giardia sp. infections in wildlife, to 
assess the potential impact of the environmental contamination on bu-
man health. In this context, it should be pointed out that the area that 
surrounds the natural reserve is used for crop cultivation (mainly maize, 
carrot, asparagus, and melon) and that shellfish also are extensively 
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FIGURE 1. Phylogenetic relationships of Giardia inferred by the 
neighbor-joining analysis of the tpi nucleotide sequences. Only boot-
strap values >70 are indicated. The GenBank accession numbers of the 
sequences used are A I (L02120), A II (U57897), fallow deer 
(DQ650649), Cat F (AF069558), Pig E (AF069559), Calf E 
(DQI57270), Cattle E Sl (AY228646), Cattle E S2 (AY228645), Musk-
rat B Sll (AY228638), Rabbit B S12 (AY228639), Human B IV 
(AF069560), Human B S8 (AY228635), Human B S3 (AY228630), 
Human B S6 (AY228633), Human B S5 (AY228632), Human B III 
(AF06956 1), Dog Dl (DQ220289), Dog D2 (DQ246216), Dog C Sl 
(AY228643), Dog C S2 (AY228642), Rat G (AF069562), Giardia ar-
deae (AF069565), Giardia muris (AF069564), and Giardia microti 
(AY228649). 
produced in the near shore marine environment. Wildlife feces may, 
therefore, contaminate those foods if cysts are transported from the wa-
tershed into the canal system from which water is abstracted for irri-
gation or that drains into the Po River estuary. 
In the study of Trout et al. (2003), a G. duodenalis isolate from a 
white-tailed deer was typed as assemblage A, subtype AI, which has a 
clear zoonotic potential, by sequence analysis of the tpi gene (GenBank 
AY302562). However, when the same isolate was typed at the j3-giardin 
locus, a unique subtype was identified, which differed from Al by 2 
nucleotide substitutions (GenBank AY302561; Table II). In The Neth-
erlands, 1 G. duodenalis isolate from a roe deer (Capreolus capreolus) 
TABLE II. Nucleotide substitutions between the fallow deer sequence and the reference subtype Al of Giardia duodenalis assemblage A. The 
white-tailed deer j3-giardin sequence (GenBank AY302561) is shown for comparison. Positions are numbered with respect to the start codon of 
the complete coding sequence (GenBank X85958 for the j3-giardin and L02120 for the tpi gene, respectively). Underlined positions indicate 
nonsynonymous substitutions. • , 
j3-Giardin 
Position 133 255 354 378 429 444 462 534 564 582 
Al a c t t t a g a 
White-tailed deer T c t t C t a g t a 
Fallow deer a T C C C C G A C G 
tpi 
Position 93 108 117 120 133 144 162 174 189 231 352 394 492 498 
Al t t c c g g a a a c c t g c 
Fallow deer C C T T T A G G G T T C T T 
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was typed as assemblage A by the 18S rDNA gene sequencing, but the 
analysis of tbe glutamate dehydrogenase gene identified a novel sUbtype 
(GenBank DQlO0288), which differs from those found in humans and 
other animals (van der Giessen et aI., 2006). These data suggest tbat 
cervids can harbor various subtypes of G. duodenalis, all belonging to 
the assemblage A, but only the Al subtype identified in tbe feces of 
white-tailed deer has an established zoonotic potential. It is likely tbat 
the subtype identified in fallow deer and wild moose isolates represents 
a G. duodenalis subtype adapted to tbese animals. It is notewortby tbat 
the hoofed-specific assemblage E (Ey et aI., 1997), which is common 
in livestock, has not been identified in any of the cervine species tested 
to date. Furtber studies are needed to fully describe the nature of G. 
duodenalis assemblages/subtypes infecting tbese animals in different 
parts of the world. 
We thank tbe Comando Stazione Forestale del Boscone della Mesola 
for assistance with fieldwork. This work was supported by tbe European 
Commission (Project MedVetNet, Workpackage 22 ZoopNet, contract 
FOOD-CT-2004-506122). 
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Immunomodulation of the Response to Excretory/Secretory Antigens of 
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ABSTRACT: It is known that excretory/secretory antigens of Fasciola 
hepatica (ESFh) trigger a Th2-like immune response. Anapsos® (A) is 
an aqueous hydrosoluble extract obtained from tbe rhizomes of tbe fern 
Polypodium leucotomos tbat has shown immunomodulator effects in 
some parasitic infections and immunological disorders. In this work we 
assess tbe effect of Anapsos® and ESFh and Quillaja saponaria extract 
(Qs) on BALB/c mice and rat alveolar macrophages. Anapsos® modu-
lates tbe response of mice immunized witb ESFh, decreasing IgG 1 an-
tibodies in A+ESFh- and A+Qs+ESFh-treated mice and triggering 
high levels of -yIFN in spleen cell culture in comparison witb ESFh-
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TABLE 1. Enzyme-linked immunosorbent assay (ELISA) showing IgG, IgGl, and IgG2a antibodies against F. hepatica excretory secretory antigen 
(ESFh) in BALB/c mice at the end of the experiment. 
Group 
Glb 0 
G2bA 
G3b Qs 
G4b A + Qs 
G5b ESFh 
G6b A + ESFh 
G7b Qs + ESFh 
G8b A + Qs + ESFh 
* P < 0.05 compared with Glb. 
t P < 0.05 compared with G5b. 
:j: P < 0.05 compared with G7b. 
IgG (Mean ± SEM) 
0.261 ± 0.061 
0.254 ± 0.078 
0.194 ± 0.090 
0.217 ± 0.076 
0.601 ± 0.069* 
0.486 ± 0.099* 
0.610 ± 0.081 * 
0.581 ± 0.103* 
and Qs+ESFh-treated groups. Moreover, Anapsos® showed statistical-
ly significant inhibitory effects on the nitrite production by rat alveolar 
macrophages prestimulated with lipopolysaccharide (LPS) as well as 
ESFh antigen in comparison with macrophages stimulated only with 
LPS. The application of ESFh and Anapsos® combined avoids this in-
hibitory effect. Thus, Anapsos® modulates the immune response against 
ESFh in naive mice and on the nitrite production in prestimulated rat 
alveolar macrophages. 
Fascioliasis is a widespread parasitic infection caused by the trema-
tode Fasciola hepatica. The infection causes great economic losses, 
mainly in cattle and sheep (Boray, 1985), and represents an emerging 
pathogen for humans with up to 17 million people infected in the world 
(Mas-Coma et aI., 1999). The parasite is acquired by ingestion of meta-
cercariae, which excyst in the small intestine and penetrate the intestinal 
wall into the peritoneal cavity. The juvenile flukes then move through 
the peritoneal cavity and enter the liver parenchyma, eventually mi-
grating into the bile ducts (Behn and Sangster et aI., 1999). During 
migration through the liver, parasite trails are surrounded by an exten-
sive local inflammatory reaction. A dominant immunoglobulin G 1 iso-
type, massive eosinophilia, and increase in IL-4, IL-5, and IL-lO ob-
served in murine fascioliasis indicate a Th2 immune response (Chauvin 
and Boulard, 1996; Tliba et aI., 2002). Several studies have demonstrat-
ed that F. hepatica excretory/secretory antigens (ESFh) in rats, sheep, 
and humans inhibit the proliferative response of spleen mononuclear 
cells stimulated with mitogens in a dose-dependent manner (Moreau et 
al., 2002). A decrease in nitric oxide production by lipopolysaccharide 
(LPS)-stimulated peritoneal macrophages has also been observed with 
ESFh (Cervi et aI., 1999). • 
Anapsos® is a hydroalcoholic extract of the rhizome of the fern Poly-
podium leucotomos that grows in the rain forests of Central and South 
America. It has been used in the treatment of autoimmune diseases and 
has demonstrated immunomodulatory effects on lymphocyte subsets 
and cytokines. It has also been used for the treatment of atopic der-
matitis and psoriasis (Sempere-Ortells et al., 2002). Moreover, it im-
munomodulates the response of mice injected with crude antigens from 
the third-stage larvae of Anisakis simplex ..(Cuellar del Hoyo et aI., 
1997), crude antigens from the first-stage larvae of Trichinella spiralis 
(Dea-Ayuela et aI., 1999), and Trichomonas vaginalis down-regulating 
the Th2 immune response (Nogal-Ruiz et aI., 2003). 
The objective of the present work is to assess whether Anapsos® can 
immunomodulate the response induced by excretory/secretory antigens 
from F. hepatica. We examine the production of IL-4/-yIFN cytokines 
and IgG l/IgG2a antibodies an in vivo murine model, and the in vitro 
production of nitric oxide by rat alveolar macrophages. 
Fasciola hepatica excretory/secretory antigens (FhES) were prepared 
as described by Casanueva et al. (2001), with some modifications. Adult 
F. hepatica worms were collected from naturally infected cows in a 
local abattoir and washed 4 times at room temperature for 1 hr with 
PBS, pH 7.2. The worms were incubated at 37 C for 3 hr, 1 wormlml 
in PBS containing 1 mM phenylmethylsulphonyl fluoride (PMSF), 1 
mM ethylenediaminetetracetic acid (EDTA), 1 mM N-ethylmaleimide 
(NEM), 0.1 mM pepstatin A, and 0.1 mM N-tosylamide-L-phenylala-
IgG 1 (Mean ± SEM) 
0.179 ± 0.068 
0.166 ± 0.048 
0.206 ± 0.054 
0.161 ± 0.030 
0.590 ± 0.139* 
0.249 ± 0.098t 
0.824 ± 0.229* 
0.490 ± 0.277:1: 
IgG2a (Mean ± SEM) 
0.292 ± 0.054 
0.215 ± 0.045 
0.233 ± 0.071 
0.237 ± 0.061 
0.263 ± 0.048 
0.179 ± 0.047 
0.280 ± 0.058 
0.221 ± 0.032 
nine chloromethyl ketone (TPCK). After incubation, the medium was 
collected and centrifuged at 5,000 g. The obtained supernatant fraction 
obtained was concentrated through 5 k, ultrafree-15 filters from Milli-
pore (Bedford, Massachusetts), and then centrifuged at 5,000 g at 4 C. 
Protein concentration was determined by the BCA technique (Pierce, 
Rockford, Illinois). Ninety-eight 7-wk-old female BALB/c mice were 
used. Mice were maintained in a controlled environment with a 12-hr 
light/dark cycle and free access to water and food in the Experimental 
Animal Service facility (University of Salamanca, Salamanca, Spain). 
All animal experiments were carried out according to European Council 
Guidelines 86/609 EC. 
We performed an experiment with 5 groups of 10 mice: Gla, control 
(0); G2a, daily intraperitoneal (i.p.) injection of 600 j.Lg of Anapsos® 
(A; ASAC Pharmaceutical International AIE, Alicante, Spain) from day 
o to 10 of the experiment; G3a, subcutaneous (s.c.) injection with 20 
j.Lg of Quillaja saponaria extract (Qs; Sigma, St. Louis, Missouri) at 
days 5 and 10 of the experiment; G4a, s.c. immunized with 50 j.Lg of 
ESFh at days 5 and 10; G5a, daily i.p. injection of 600 j.Lg of A and 
s.c. immunized with 20 j.Lg of Qs and 50 j.Lg of ESFh at days 5 and 10. 
In another experiment we used combinations of A+Qs, A+ESFh, and 
Qs+ESFh in 8 groups of 6 animals each: Glb, control (0); G2b, daily 
i.p. injection of 600 j.Lg of A from day 0 to 10 of the experiment; G3b, 
s.c. injection with 20 j.Lg of Qs at days 5 and 10 of the experiment; 
G4b, daily i.p. injection of 600 j.Lg of A from day 0 to 10 and s.c. 
injected with 20 j.Lg of Qs at days 5 and 10; G5b, s.c. immunized with 
50 j.Lg of ESFh at days 5 and 10; G6b, daily i.p. injection of 600 j.Lg of 
A and s.c. immunized with 50 j.Lg of ESFh at days 5 and 10; G7b, s.c. 
immunized with 20 j.Lg of Qs and 50 j.Lg of ESFh at days 5 and 10; 
G8b, daily i.p. injection of 600 j.Lg of A and s.c. immunized with 20 
j.Lg of Qs and 50 j.Lg of ESFh at days 5 and 10. All mice were killed 
20 days after the beginning of the experiment. Spleens were removed 
to obtain splenocytes. 
Serum samples obtained at the end of the experiment were individ-
ually analyzed by indirect enzyme-linked immunosorbent assay 
(ELISA) in accordance with Muro et al. (1997). Plates were coated with 
4 j.Lglml of FhES antigen. Sera, in triplicate, were diluted at 1/100, and 
polyclonal sheep anti-mouse IgG (Sigma), monoclonal anti-mouse 
IgGl, and anti-mouse IgG2a (Nordic Immunology, Tilburg, The Neth-
erlands) diluted at 1/1,000 were used as a conjugate. Development was 
performed with ortho-phenylene diamidine (OPD) substrate, and absor-
bances were measured at 492 nm. 
Spleen cell suspensions were prepared in accordance with L6pez-
Aban et al. (1999) and then pooled for every group~ Spleen cells from 
every pool (1 X 106 cells/well) were incubated in triplicate alone and 
with 2.5 j.Lglml of concanavalin A (Con A). Cells were incubated at 37 
C in 5% CO2 atmosphere for 48 hr. Cell suspension was centrifuged at 
250 g for 10 min. Cell-free supernatants were recovered, aliquoted, and 
stored at -80 C until they were assayed for -yIFN and IL-4. The assay 
employed in the first experiment was based on a quantitative ELISA, a 
kit using specific antibodies for mouse -yIFN (EM-lOO!, Endogen, Inc. 
Woburn, Massachusetts) and IL-4 (EM-IL-4, Endogen). These deter-
minations were performed in triplicate. In the second experiment, the 
assay employed was based on quantitative flow cytometry, a kit BD 
• 
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FIGURE 1. -yIFN and IL-4 detection in culture supernatants from spleen mononuclear cell stimulated with 2.5 J-Lglml of Con A: Gla, control 
(0); G2a, daily i.p. injection of Anapsos® (A) from day 0 to 10 of the experiment; G3a, s.c. injection of Quillaja saponaria extract (Qs) at days 
5 and 10 of the experiment; G4a, s.c. immunized with ESFh at days 5 and 10; GSa, daily i.p. injection of A and s.c. immunized with Qs and 
ESFh at days 5 and 10; Glb, control (0); G2b, daily i.p. injection of Anapsos® (A) from day 0 to 10 of the experiment; G3b, s.c. injection of 
Quillaja saponaria extract (Qs) at days 5 and 10 of the experiment; G4b, daily i.p. injection of A from day 0 to 10 and s.c. injected with Qs at 
days 5 and 10; G5b, s.c. immunized with ESFh at days 5 and 10; G6b, daily i.p. injection of A and s.c. immunized with ESFh at days 5 and 10; 
G7b, s.c. immunized with Qs and 50 J-Lg/dose of ESFh at days 5 and 10; G8b, daily i.p. injection of A and s.c. immunized with Qs and ESFh at 
days 5 and 10. (*P < 0.05 compared with G4a; tP < 0.05 compared with G5b; :j:P < 0.05 compared with G7b.) 
mouse Thlffh2 Cytokine Cytometric Bead Array (BD Biosciences, San 
Diego, California). Beads were coated with capture antibodies specific 
for -yIFN and IL-4 cytokines samples, and standards were added to form 
sandwich complexes that were resolved in the FL3 channel of a BD 
FACScalibur flow cytometer. The concentration of cytokines was cal-
culated from standard curves using known concentrations of mouse re-
combinant -yIFN and IL-4. # , 
For nitrite determination, alveolar macrophages were obtained from 
250-300 g male Wistar rats (IFFA, Credo, Spain) by bronchoalveolar 
lavage as previously described (Espinoza et aI., 2002). Cell viability, 
determined by the trypan blue vital exclusion stain, was higher than 
90% in all cases. Adherent alveolar macrophages (l06/well) were in-
cubated in triplicate alone (negative control), with 10 J-Lg/ml lipopoly-
saccharide (LPS; Sigma) positive control or with increasing concentra-
tions of ESFh antigen (10, 30, and 50 J-Lg/ml) or A (100, 500, and 1,000 
J-Lg/ml). To evaluate inhibitory effects, cells were preincubated with 10 
J-Lg/ml LPS for I hr at 37 C and then incubated with 10, 30, and 50 
J-Lg/ml of ESFh and 100, 500, and 1,000 J-Lg/ml of A. Every condition 
was tested in 6 different cultures. After 18 hr at 37 C in 5% CO2, the 
supernatant was collected and centrifuged at 500 g for 10 min and 
stored at - 80 C until analysis. After removing the supernatant for nitrite 
determination, the cell viability was assessed by the MMT test described 
by Kiemer et al. (1997). Nitric oxide release was measured in triplicate 
indirectly using a quantitative, colorimetric assay based on the Griess 
reaction (Ding et aI., 1988). The results were expressed in nmol nitrite 
per 106 macrophages. Results were expressed as mean and standard 
error of the mean (SEM). Differences among groups were determined 
by an ANOV A test, and Fishers Protected Least Significant Difference 
(PLSD) test was used when appropriate. A value of P < 0.05 was 
considered to be statistically significant. 
Antibodies against ESFh detected by ELISA in BALB/c mice im-
munized with ESFh (G4a and G5b) and Qs+ESFh (G7b) showed high 
levels of IgG and IgGI (P < 0.05) compared with control groups (Gla 
and Glb). Those immunized with A+ESFh (G6b) and A+Qs+ESFh 
(GSa and G8b) showed high levels of IgG (P < 0.05), but less levels 
of IgG I in comparison with control groups (G I a and G I b). IgG2a-
specific antibodies against ESFh were detected at low levels in all 
groups, and there were no differences between groups (Table I). 
The release of -yIFN by Con A-stimulated spleen mononuclear cells 
in the first and the second experiments was higher in mice immunized 
with A+ESFh (186.7 pglml) (G6b), A+Qs+ESFh (79.3 pglml) (G8b), 
and 28.5:<::2.5 pg/ml (GSa) in comparison with other groups (1.0:<::0.1-
33.9 pg/ml). The release of IL-4 was high in mice immunized with 
A+ESFh (31.3 pg/ml) (G6b), A+Qs+ESFh (10.1 pg/ml) (G8b), and 
54.5:<::3.5 pg/ml (GSa) compared with other groups (0.3-51.1 :<::3.0 pgl 
ml) (Fig. 1). 
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FIGURE 2. Effects of increasing concentrations of Anapsos® (A) on 
the nitrite production by alveolar macrophages and (B) LPS-prestimu-
lated macrophages. *p < 0.05 compared with LPS treatment. 
Rat alveolar macrophages did not release nitrites when stimulated 
with increasing concentrations of Anapsos®, but a significant inhibition 
of nitrite release was observed in LPS-prestimulated alveolar macro-
phages incubated with 500 l1g1rnl and 1,000 I1g/ml of Anapsos® (P < 
0.05) (Fig. 2). Similar results were found when we used the ESFh an-
tigens to stimulate alveolar macrophages. Thus, ESFh did not cause 
naive alveolar macrophages to release nitrites, but it did cause inhibition 
of nitrate release by LPS-prestimulated macrophages at a dose of 50 
I1g/rnl (P < 0.05) (Fig. 3). Moreover, we used 1,000 I1g/rnl of Anapsos® 
and 50 fLg/rnl of ESFh separately and together with normal and pre-
stimulated alveolar macrophages. We did not find nitrite production in 
normal alveolar macrophage cultures when stimulated with Anapsos®, 
ESFh, or both substances together (Fig. 3). When we used LPS-prestim-
ulated alveolar macrophages, we observed a reduction in nitrite pro-
duction in cultures stimulated with Anapsos® (P < 0.05) as well as 
those with ESFh (P < 0.05) in comparison to the LPS control, but their 
effect was abrogated when used in combinaultn (Fig. 3). 
Previous studies of the immunological response against F. hepatica 
based on the detection of immunoglobulins and the production of cy-
tokines indicate that a Th2-type response is produced. Moreover, vac-
cination trials against this parasite have shown the relationship between 
resistance to infection and Th1-type response (O'Neill et al., 2000; Mul-
cahy and Dalton, 2001). Thus, an effective vaccination against fascio-
liasis could be potentially achieved driving response avoiding Th2 re-
sponse. In this study BALB/c mice immunized with ESFh (G4a and 
G5b) and Qs+ESFh (G7b) presented high levels of IgG and IgGl and 
low levels of IgG2a antibodies. Moreover, IL-4 and I'IFN were detected 
with low levels in supernatant from culture of spleen mononuclear cells 
in these groups. Thus, our data showed that ESFh is able to modulate 
the immune response of naive mice to a Th2-like response, as other 
authors have reported in immunizations with ESFh (O'Neill et aI., 
2000). In groups immunized with A+ESFh (G6b) or A+Qs+ESFh 
(GSa and G8b), we found important differences, i.e., the IgGl response 
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FIGURE 3. Effects of Anapsos® and ESFh antigens on the nitrite 
production by rat alveolar macrophages and LPS-prestimulated mac-
rophages. *p < 0.05 compared with LPS treatment. 
was much lower than in mice treated with ESFh (G4a and G5b) and 
Qs+ESFh (G7b) comparable to control groups, and higher levels of 
I'IFN in supernatants from spleen cell cultures were detected in com-
parison with mice treated with ESFh (G4a and G5b) and Qs+ESFh 
(G7b). These data indicate that Anapsos® modulates the immune re-
sponse induced by ESFh in mice similar to its effect in other host-
parasite models (Cuellar et aI., 1997; Dea-Ayuela et al., 1999; Nogal-
Ruiz et al., 2003). We observed that ESFh antigen inhibits the nitric 
oxide production by rat LPS-prestimulated alveolar macrophages. This 
agrees with previous studies with ESFh (Cervi et aI., 1999). In our study 
Anapsos® showed an inhibition of the nitric oxide production by rat 
alveolar macrophages prestimulated with LPS. In addition, the appli-
cation of ESFh and Anapsos® combined on naive macrophages does 
not stimulate the production of nitrites. Nevertheless, when we assayed 
them with LPS-prestimulated macrophages we could not find any effect. 
Thus, Anapsos® is able to affect the immunological properties of the 
ESFh in vitro. In summary, we have shown that Anapsos® modulates 
the immune response against ESFh in naive mice and nitrite production 
in prestimulated rat alveolar macrophages. These immunomodulatory 
features could be interesting in the formulation of new vaccines against 
F. hepatica. 
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ABSTRACT: Canine heartworm (Dirofilaria immitis) is a nematode that 
naturally parasitizes in the pulmonary arteries and the right ventricle of 
domestic dogs (Canis familiaris) as final hosts. Japanese raccoon dogs 
(Nyctereutes procyonoides viverrinus) also are known to be susceptible 
to infection by the parasite. However, prevalence of this infection 
among free-ranging raccoon dogs is low and so is the worm burden. To 
examine the susceptibility of the raccoon dog to D. immitis infection, 
3 raccoon dogs and 2 beagles were inoculated 4 times with 25 third-
stage larvae (L3s) of D. immitis at 3-wk intervals. Worms were recov-
ered from 2 raccoon dogs and both domestic dogs. The average per-
centage of recovery (2.3%) of the raccoon dogs was almost 10 times 
lower (24.5%) than that of the domestic dogs, but there was no signif-
icant difference in the body length of worms recovered from 2 types of 
hosts. To examine microfilaremia, 2 raccoon dogs were infected with 
100 L3s. Microfilaremia was observed for 180 days postinoculation (PI) 
but disappeared at about 300 days PI. The raccoon dog was mildly 
susceptible to infection with D. immitis, but surviving worms developed 
and matured normally. 
Canine heartworm (Dirofilaria immitis) is a parasitic nematode har-
bored by domestic dogs (Canis familiaris) as definitive hosts in Japan, 
but the parasite also has been found in many animal species, including 
humans (Rodrigues-Silva et ai., 1995). Canids are normal hosts to the 
parasite (Pappas and Lunzman, 1985; Fox et ai., 1986; Starr and Mulley, 
1988; Gortazar et ai., 1994; Sacks, 1998), and the infection in other 
species seems to be aberrant. Infected domestic dogs are still considered 
reservoirs for canine heartworm infection in Japan. However, in 1938, 
the Japanese raccoon dog (Nyctereutes procyonoides viverrinus) also 
was reportedly infected with canine heartworm in Japan (Itagaki and 
Kume, 1938). The raccoon dog is a basal species with respect to the 
VulpeslCanislDusicyon clade that includes domestic dogs, foxes, 
wolves, and coyotes (Wayne et ai., 1997). The habitat of raccoon dogs 
has been affected by land development in Japan, resulting in a decline 
in their number. Nevertheless, owing to their omnivorous behavior, the 
animals have managed to adapt themselves to the residential areas of 
humans. Thus, with raccoon dogs and humans living closer together, 
the risk of infection with the parasite is actually greater than previously. 
Our previous survey indicated the low prevalence of infection and the 
light worm burden of canine heartworm among free-ranging raccoon 
dogs and discussed possible explanations (Nakagaki et aI., 2000). To 
follow up on this effort, the next step was to determine experimentally 
the susceptibility of raccoon dogs to D. immitis. For the susceptibility 
assessment, we experimentally infected raccoon dogs and domestic dogs 
with third-stage larvae (L3s) of D. immitis, and we compared the sus-
ceptibility and microfilaria production data of the 2 experimental hosts. 
Five raccoon dogs of both sexes, aged 6--12 mo and 2 female do-
mestic dogs (12 mo old) were studied. To examine their susceptibility 
to D. immitis, the dogs were infected subcutaneously 4 times with 25 
infective L3s over a period of 3 wk. These animals were killed by 
overdose of 100 mg/kg pentobarbital sodium and necropsied 116 days 
after the last inoculation. To examine the microfilaria production in 
raccoon dogs, 2 raccoon dogs were infected once with 100 L3s. 
L3 were harvested by Boehrman's method from Aedes togoi that fed 
TABLE I. Comparison of susceptibility to canine heartworm between 
raccoon dogs and domestic dogs. 
No. of animals No. of recovered Means of % 
Species (infected/total) worms recovery 
Raccoon dogs 2/3 2,5,0 2.3 
Domestic dogs 2/2 22,29 25.5 
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FIGURE 1. Body lengths of worms recovered from raccoon dogs and 
domestic dogs at 116 days postinfection with the third stage larvae. 
Solid and open bars are the body lengths of male and female worms, 
respectively. There were no significant differences in worm body length 
between raccoon dogs and domestic dogs of matched gender by Wil-
coxon rank sum test. 
on the blood from a highly microfilaremic dog at 10-14 days after the 
blood meal. L3s were isolated under a dissection microscope and 
washed several times in Hank's balanced salt solution containing pen-
icillin and streptomycin. Subsequently, the animals were subcutaneously 
injected with L3s in 1 ml of sterile saline. 
Microfilariae (mft) in peripheral blood were counted using the ace-
tone microfilaria (mt) concentration method (Ohishi et aI., 1959). Brief-
ly, 2 ml of blood was added to 10 ml of acetone rnf concentration 
solution in a 15-ml conical tube, which was then shaken vigorously for 
1 min. The tube was subsequently left standing for at least 30 min at 
room temperature or in a refrigerator overnight. The mff were spun 
down at 2,000 rpm for 10 min and washed 3 times with distilled water. 
Finally, methylene blue-stained rnff in packed sediments were counted 
in a hemocytometer under a light microscope. 
Worms were recovered from 2 of 3 experimentally infected raccoon 
dogs; both domestic dogs had worms in the pulmonary arteries and the 
heart. The worm burden averages for the raccoon dogs and the domestic 
dogs were 2.3 and 25.5%, respectively, at 116 days after the last in-
oculation (Table I). There were no significant differences in body length 
of sex-matched worms recovered in the raccoon and the domestic dogs 
by Wilcoxon rank sum test (Fig. 1). • 
Microfilariae in the peripheral blood of 2 infected raccoon dogs were 
first detected at 201 and 188 days postinoculation (PI). The mf number 
increased and reached a peak at 220 to 250 days PI, but the raccoon 
dogs showed amicrofilaremic conditions at 348 and 282 days PI (Fig. 
2). On the basis of seasonal periodicity, the peripheral blood was 
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FIGURE 2. Microfilaremia in 2 experimentally infected raccoon 
dogs. The raccoon dogs were infected with 100 L3s. 
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TABLE II. Worm burden in the raccoon dogs experimentally infected 
with 100 L3 at 565 and 590 days PI. 
Raccoon No. of recovered worms 
dog Male Female* Total 
4 2 1 3 
5 3 3 6 
* Developed embryos and mff were observed in the uterus of worms. 
checked until the end of the second wet season, but it was not examined 
after the blood had turned amicrofilaremic. Adult worms were recovered 
at 565 and 590 days after infection in 2 infected raccoon dogs (Table 
II); microfilariae were present in the uterus of the females. 
Although the domestic dog is a definitive host for D. immitis, various 
other species have been found to harbor it. For example, California sea 
lions (Zalophus californianus) and ferrets (Mustela putorius furo) seem 
to be highly susceptible to the parasite (Forrester et aI., 1973; Supa-
korndej et al., 1994). Our results seem to concur with the reported data 
on domestic cats (Felis domestica) (Ohishi et al., 1973; Nogami and 
Sato, 1997; Roncalli et aI., 1998). The low prevalence of infection in 
domestic cats is obviously caused by the animal's low susceptibility to 
D. immitis. The domestic cat is located at a phylogenetically far distant 
position from the domestic dog, and the lower susceptibility may thus 
be dependent upon the specificity of the host species. Indeed, experi-
mental infections with L3s of D. immitis have shown that a lesser num-
ber of worms were recovered in the heart and pulmonary arteries of the 
cat compared with the domestic dog (Kume, 1970; Donahoe, 1975). 
The low prevalence of infection and the light worm burden in the free-
ranging raccoon dogs also might be induced by the animal's low sus-
ceptibility. The raccoon dog is phylogenetically closer to the domestic 
dog than to the domestic cat, but there is still significant distance be-
tween the domestic dog and the raccoon dog (Baranov et aI., 1976; 
Wayne et aI., 1997). Moreover, no report has so far confirmed the strict 
correlation between phylogenetic distance and susceptibility to canine 
heartworm infection. Our results indicate that the migrating worms into 
the pulmonary arteries and the heart were able to mature normally and 
to release microfilariae into the peripheral blood but that microfilaremia 
was transient. Ohishi (1997) observed that the immature fifth stage 
worms, which were recovered from infected dogs, remigrated equally 
into the pulmonary arteries and the heart of both dogs and cats, and 
they concluded that the larvae also developed normally and matured in 
cats after passing some barrier in the host defense of the parasite infec-
tion. The female worms recovered from the raccoon dogs that resulted 
in amicrofilaremic infection still produced micro filariae in the uterus at 
565 and 590 days PI. A similar clearance of micro filariae has been 
observed in domestic cats infected experimentally (McCall et aI., 1992). 
This information suggests that there is the possibility that the microfi-
lariae in the peripheral blood of raccoon dogs are a source of transmis-
sion of D. immitis. However, the raccoon dog does not seem to be a 
reservoir for the parasite in nature, given that we are dealing mostly 
with single-sex infections in naturally infected raccoon dogs (Nakagaki 
et al., 2000), and also considering the recovery of worms in the pul-
monary arteries and the heart and the low density of microfilaremia in 
this study. 
All raccoon dogs were provided kindly by Eiji Kanda, Wildlife Re-
search Center Co. Ltd. (ltsukaichi, Tokyo, Japan), with the authorization 
of the Environmental Division of Tokyo Metropolitan Government. 
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A Rapid Method for Producing Highly Purified Cryptosporidium parvum Oocysts 
C. N. O'Brien and M. C. Jenkins, Animal Parasitic Diseases Laboratory, Agricultural Research Service, USDA, Beltsville Agricultural Research 
Center, Beltsville, Maryland 20705. e-mail: cobrien@anri.barc.usda.gov 
ABSTRACT: Most procedures that have been described for purifying 
Cryptosporidium parvum oocysts are designed to either identify the par-
asites in clinical specimens or isolate oocysts from a small volume of 
feces from infected animals. The present study describes a rapid method 
for purifying high numbers of C. parvum oocysts from feces of infected 
calves that contains minimal contaminating fecal material and bacteria. 
The isolation method is based on differential flotation of C. parvum 
oocysts in NaCl, followed by ether extraction to solubilize lipids in calf 
feces. This procedure regularly yields> 109 purified C. parvum oocysts 
within 1-2 days of feces collection. 
Studies on the molecular biology of Cryptosporidium spp. have been 
considerably advanced by the complete sequencing of the Cryptospo-
ridium parvum and Cryptosporidium hominis genomes (Abrahamsen et 
al., 2004; Xu et aI., 2004). The confirmation of gene expression in 
Cryptosporidium spp. sporozoities requir~s, large numbers of highly pu-
rified oocysts that are devoid of contamination by microbes normally 
found in fecal material. A number of procedures have been described 
for concentrating and isolating C. parvum oocysts from feces. These 
include sucrose flotation (McNabb et aI., 1985; Kuczynska and Shelton, 
1999; Massanet-Nicolau, 2003; Truong and Ferrari, 2006), formalin-
ethyl acetate sedimentation (McNabb et al., 1985; Weber et al., 1992; 
Kuczynska and Shelton, 1999), Percoll (Waldman et al., 1986; Kilani 
and Sekla, 1987; Kuczynska and Shelton, 1999), or Ficoll (Truong and 
Ferrari, 2006) gradient centrifugation, discontinuous sucrose gradient 
centrifugation in combination with Percoll gradient isolation (Arrowood 
and Sterling, 1987; Truong and Ferrari, 2006), and cesium chloride 
gradient centrifugation (Kilani and Sekla, 1987; Kuczynska and Shel-
ton, 1999; Truong and Ferrari, 2006). In general, most procedures are 
designed to identify C. parvum oocysts in clinical specimens « 10 ml 
volume) (Garcia et aI., 1983; McNabb et aI., 1985; Heyman et aI., 1986; 
Weber et aI., 1992; Bukhari and Smith, 1995; Clavel et al., 1996). A 
few reports exist on successful isolation of C. parvum from diarrheic 
calf feces, but these involve processing multiple small volume samples 
(Waldman et aI., 1986; Arrowood and Sterling, 1987; Kilani and Sekla, 
1987; Kuczynska and Shelton, 1999; Massanet-Nicolau, 2003; Truong 
and Ferrari, 2006). In the present study, a technique for rapidly isolating 
nearly 100% pure C. parvum oocysts from large volumes of diarrheic 
calf feces is described, which does not require discontinuous sucrose or 
CsCI gradient centrifugation. 
Cryptosporidium parvum (Iowa strain) oocysts were obtained by in-
fecting I-day-old calves with 106 oocysts. The calves were obtained at 
birth from the Beltsville Agricultural Research Center dairy and were 
handled according to animal care guidelines as approved by the BARC 
Animal Care Committee. The calves were housed in a 2.4 m X 1.2 m 
metabolic crate from days 3-10 postinfection for fecal collection; feces 
were analyzed daily for the presence of C. parvum oocysts using a 
commercial oocyst detection kit (Merifluor, Meridian Diagnostics, Cin-
cinnati, Ohio). Fecal material from peak shedding days (generally days 
5-7) were pooled aiJd filtered through a stainless steel mesh strainer 
(0.5 mm) followed by passage through a 150-/.lm, followed by a 45-
/.lm, stainless steel mesh sieves. The sieved fecal suspensions were cen-
trifuged at 720 g for 15 min in l-L polypropylene bottles in an IEC 
model K centrifuge with a swinging bucket rotor. After centrifugation, 
750 ml of the supernatant was discarded, and the remaining supernatant-
sediment was mixed, diluted 1:4 with NaCI (360 gIL, specific gravity, 
1.21) in a l-L polypropylene bottle, and centrifuged at 720 g for 20 
min. After centrifugation, the bottles were placed on the bench top for 
10 min, and then 200-300 ml of supernatant from each bottle was 
collected into a single container, diluted 1:4 with cold water, and cen-
trifuged for 20 min at 720 g. The supernatants were discarded and 
pellets were washed twice with H20 and centrifugation for 20 min at 
720 g. The pellets were combined in a final volume of 240 ml cold 
H20, and 40-ml aliquots were distributed into 50-ml conical centrifuge 
• 
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FIGURE I . Light microscopic image of Cryptosporidium parvwlI 00-
cysts purified from calf feces using rapid purification method. (A ) x 400 
magnification. Bar = 15 IJ.m; (8 ) x 1,000 magnification. Bar = 5 IJ.m. 
. ' 
rube and then overlaid with 8-ml ether. The slurry was mixed for 20 
sec to solubilize lipids and then centrifuged for 10 min at 1,200 g in a 
tabletop centrifuge with a swinging bucket rotor. After centrifugation, 
3 layers overlying an oocysl pellet were obser ved, i.e., a top solvent 
layer, an interface layer consisting of fecal debris, and a lower aqueous 
layer. The 3 layers were removed using a 25-ml pipette, and the oocyst 
pellet was suspended in 50-ml deionized H20 . The oocyst pellet was 
washed 3 time with deioni zed H20 and centri fugation at 1,200 g for 
10 min, followed by suspension in 10-ml deionized H20 . To asse s 
viability, the C. parvum oocysts were excysted using a tandard tech-
nique (Gut and elson, 1999), which was modified by inclusion of a 
brief I min I % sodium hypochlorite treatment, followed by repeated 
washing and centrifugation of the oocysts in water prior to excy tat ion. 
The level o f bacterial contamination was measured by spread-plating 
serial dilutions of the oocyst suspension onto Petri dishes containing 
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LB agar (Sigma Chemical Co., SI. Loui , Mis ouri) or blood agar (BBL, 
Cockeysville, M ar y land) prior to, and after, bleach treatment. Also, the 
level of contaminating protein in the purified oocy t uspension was 
mea ured using a BCA assay test kit (Pierce Chemical Co .. Rockford, 
lllinois) on supernatant afler the oocysts were centri fuged for 5 min at 
12,000 g. 
The volume of diarrheic feces from a single calf infected at I day of 
age with I ()6 C. parvulll oocy t is between 1- 2 L per day during peak 
shedding (days 5- 7). Applying the rapid isolation method, greater than 
109 highly purified C. parvulII oocy ts were recovered from peak shed-
ding days. [n 3 propagation studies, an average of 1.9 x 109 :!: 0.7 X 
109 oocysts was obtained. The oocyst preparation had negligible protein 
cOlllamination (data not shown). Prior to bleach treatment, 2.5 x 10" 
total bacteria/ml were present in the preparation, which is equi va lenl to 
0.0 I % of the total number of C. parvulIl oocy ts produced (Fig. I ). 
After bleach treatment, no bacteria l co lonies were obser ved. In addition, 
an excystation rate greater than 90% was obser ved using the mod ified 
rapid excystation method. The advantage of this technique is that a 
single NaCI fl otation tep, followed by ether extraction, can recover a 
large number of C. parvulII oocysts with minimal contamination by 
fecal microorganisms. Other techniques that have been described re-
quire mul ti tep procedures and discontinuous gradient of sucrose, Per-
coli , or CsCI to purify oocysts from small volume samples (Waldman 
et al. 1986; Arrowood and Sterling, 1987; Kilani and Sekla, 1987; Kuc-
zynska and Shelton, 1999; Truong and Ferrari , 2006). The present tech-
nique was developed to recover high numbers of C. parvulIl oocysts 
from a large volume of fecal material w ithout the cost of using reagents 
such as CsCI or Percoll . In our experience, employing sucrose gradients 
is not only time-con uming, but also produces fairly impure oocyst 
preparations, possibly stemming from the higher v iscosity of sucrose. 
The high level of oocyst purity is due to the dual effect o f aCI and 
ether, i .e., the former dispersing particulate matter and preventing oocy t 
entrapment (Kuczynska and Shehon, 1999) and the latter solubilizing 
lipids commonly present in feca l material. CryptosporidiulIl parvum 00-
cysts purified using the procedure described in the present study are 
stable for at lea t 3 mo when stored at refrigeration temperature, and 
can be used for excystation, cell culture, protein analysis, or infecting 
susceptible animals. 
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Infection Dynamics of Centrocestus armatus Cercariae (Digenea: Heterophyidae) to 
Second Intermediate Fish Hosts 
V. G. V. Paller, D. Kimura*, and S. Uga, Department of Parasitology, Faculty of Health Sciences, Kobe University School of Medicine, Kobe 
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ABSTRACT: The infection dynamics of Centrocestus armatus cercariae 
with respect to second intermediate fish hosts were investigated using 
cercariae collected from naturally infected Semisulcospira libertina. 
Cercariae survival and infectivity were recorded at 2-hr intervals. Sur-
vival remained constant but decreased abruptly at 30 hr of age. An age-
dependent model presented the best-fit curve for the survival data (r 
= 0.936), implying that cercariae tended to allocate resources equally 
among themselves and then died once those resources were depleted. 
Cercariae infectivity remained constant over the first 10 hr of life and 
then declined; an age-dependent model also provided a better fit (r = 
0.956). The transmission rate of C. armatus cercariae to the fish host 
was relatively low near the time of emergence from the snail host but 
peaked at 85% after 1 hr and then maintained a plateau period until 5 
hr of exposure to fish. The pattern of transmission was also investigated 
initially at varying densities of cercariae and then by maintaining a 
constant cercariae density but varying the total number. Results re"ealed 
that the pattern of transmission was frequency-dependent. 
Fish are important final or intermediate hosts in digenean life cycles. 
Many species of trematodes enter the fish hosts by active invasion of 
their cercariae and the behavior of these stages is crucial in determining 
the dynamics of parasite infection. In digenean parasites with complex 
life cycles, an understanding of infection dynamics involves the pro-
duction and transmission of parasites thr~loIgh a series of intermediate 
hosts. To understand these processes, it is necessary to estimate both 
the survival of free-living cercariae stages and the rate and pattern of 
transmission. This study focused on the heterophyid digenean, Centro-
cestus armatus and the transmission process between the 2 intermediate 
hosts, the freshwater snail (Semisulcospira libertina) and the minnow 
(Zacco temmincki). Despite the importance of previous epidemiological 
studies on this particular system (Kimura and Uga, 2003, 2005), no data 
exist on infectivity and transmission of its cercariae between the snail 
and fish hosts. Detailed information is available on the infectivity and 
transmission of Schistosoma mansoni (Lawson and Wilson, 1983; Whit-
field et aI., 2003) and Diplostomum spathaceum (Whyte et aI., 1991; 
Karvonen et aI., 2003), but that is only of indirect value in predicting 
transmission patterns of fish infection, particularly in Asian systems. 
Patterns of survival and infectivity were examined in relation to the 
age of the free-living stages. Because cercariae have limited energy 
reserves (Anderson and Whitfield, 1975; Lawson and Wilson, 1980), 
there must be a trade-off between resource depletion and rate of host 
encounter, which may shape the optimal infection strategy of this par-
ticular system. The parasites could use one of the several alternative 
strategies. First, the parasite could allocate resources at random between 
the infective stages, so they live for variable periods of time; in which 
case, mortality of cercariae will be constant, and numbers and infectivity 
will decline exponentially. Second, the cercariae could carry similar 
quantities of resources; in this case, mortality will be highly age-de-
pendent, and number and infectivity will remain high and then dramat-
ically drop at a specific age. Thus, one aim of this study was to inves-
tigate survival and infectivity in relation to age and examine the partic-
ular strategy employed by C. armatus. 
Another critical factor influencing infection dynamics is the trans-
mission of the parasite to the next host. In this particular host-parasite 
system, it is assumed that fish hosts move randomly with respect to the 
infective stages and can be modeled in terms of density or pesudo-mass 
action (McCallum et aI., 2001). An alternative view is that hosts do not 
move randomly but remain within a set home range such that infection 
rate is dependent, not on density alone, but on the frequency that the 
host encounters infective stages within their home range; this could be 
modeled as frequency-dependent or true mass action (Karvonen et al., 
2003). Thus, the pattern of transmission can be evaluated by examining 
the relationship between transmission rate and cercariae density. 
We tested these hypotheses by performing replicated infection trials 
under laboratory conditions. Cercariae were obtained by exposing nat-
urally infected snails to bright light conditions at 24 C for 3 hr. Sus-
pensions of cercariae from different snails were then pooled. To ex-
amine cercariae survival, a suspension was divided into 6 containers, 
each containing 500 cercariae. Division was done by directly counting 
cercariae using a stereomicroscope and then pipetting into 60-mm petri 
dishes. Containers were maintained on a 12:12-hr light/dark photoperiod 
at room temperature (20 C). Survival of cercariae was determined by 
counting the number alive in individual containers every 2 hr. The pro-
cedure for cercariae infectivity was done by exposing individual, un-
infected Z. temmincki (mean fork length = 8.85 ± 1.39 cm; mean 
weight = 4.50 ± 1.87 g) to 200 cercariae in a glass container with 400 
ml of dechlorinated tap water of 5-cm depth at room temperature. The 
length of exposure to cercariae was I hr. The procedure was then re-
peated every 2 hr using a new fish until infectivity reached zero. The 
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FIGURE 1. Age-dependent survival and infectivity of Centraeestus 
arrnatus cercariae at 20 C. Cercariae survival (A). Data points represent 
raw survival rate values. whereas the best-fit curve was modeled ac-
cording to an exponential equation of the form P t = exp(a/b[l -
exp[btJ]), where a = 3.4 X 10-7, b = 0.42296, and P t is the proportion 
of cercariae alive at time t. Cercariae infectivity (D). Data points rep-
resent raw infectivity-rate values, whereas the fitted curve was modeled 
according to nonlinear regression with the use of a polynomial equation 
It = at3 + bt2 + 1.720t + 85.19, where a = 0.0006, b = -0.1715, and 
It is the cercarial infectivity rate at time t. 
percentage of infectivity was determined by direct counting of unat-
tached cercariae using a stereo microscope after 1 hr of exposure. 
Transmission rate was assessed by exposing individual juvenile Z. 
temmineki of similar size to 200 cercariae at the same time. In this case, 
the transmission of the parasite to the fish host was determined at dif-
ferent time intervals over a 5-hr period. Infection procedure was the 
same as above. Transmission was determin@d by directly counting the 
number of unattached cercariae per given time interval. The relationship 
between transmission and cercariae density was also assessed by rep-
licated infection trials at varying densities and at constant density but 
manipulating the total number of cercariae. Densities in the glass con-
tainer of 400 ml dechlorinated water included 50, 100, 200, 350, and 
500 cercariae. The infection time was 1 hr; after which, the fish were 
removed, and the number of unattached cercariae were counted using 
a stereomicroscope. To determine whether transmission differed with 
the total number of cercariae, water volume in the tank was manipulated 
so that total cercariae numbers varied but the density remained constant 
at 500 cercariaelL of water. Individual fish were introduced, and the 
same infection procedure used. 
In general, survival of C. armatus cercariae remained relatively con-
stant at 98% until 10 hr after emergence and gradually decreased there-
after. A sharp decline in survival was observed from 30 hr of age, when 
the number immobile and dead rapidly increased. This pattern did not 
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FIGURE 2. Mean transmission rate of Centraeestus armatus to Zaeea 
temmineki exposed to 200 cercariae under standardized conditions. n = 
5 fish/interval. Bars = SD. 
vary greatly between containers (GLM, F = 1.245, P > 0.05). The 
number of cercariae decreased to almost zero at 38 hr of age, based 
from the age-dependent model that described the data. (Fig. lA, r2 = 
0.936). Cercariae infectivity was also relatively constant at 87% for the 
first 10 hr but dropped to 50% by 22 hr and to values approaching 0% 
at 30 hr. Although an exponential model fitted the infectivity data (r2 
= 0.855), an age-dependent model provided a better fit (Fig. 1B, r2 = 
0.956). 
Figure 2 shows that the transmission rate rose from an initial value 
of 14% (mean percentage of attached cercariae) at 4 min after exposure 
and progressively increased thereafter, attaining a maximum of 85% at 
1 hr. That value was then maintained for a long plateau period of 5 hr. 
A linear regression model was used to evaluate the effect of density 
and number of cercariae on the transmission pattern of C. arrnatus. The 
total number of cercariae attached to fish increased in both cases. How-
ever, transmission did not vary with density of cercariae but did vary 
significantly with the number of cercariae in the tank (Fig. 3). 
Overall, the results have implications for the mode of infection of C. 
armatus cercariae to second intermediate fish hosts. Significant data 
from this investigation relate to the age-dependent infection capabilities 
of C. armatus cercariae. The model showed that the time of abrupt 
decrease in survival rate generally coincided with the time when infec-
tivity was at 0%. The age-dependent dynamics of cercariae survival and 
infectivity are driven by the rate of the use of their resources because 
cercariae possess limited energy levels. These resources were not mea-
sured directly, but it was assumed they were glycogens, based on the 
studies of Anderson and Whitfield (1975) and Lawson and Wilson 
(1980). Previous studies on other digenean parasites found that the mor-
tality of cercariae is age-dependent rather than constant (Karvonen et 
aI., 2003; Whitfield et aI., 2003). Nothing in these results invalidates 
the conclusion of those authors that survival and infection capacity of 
a live cercaria remain constant throughout its life. However, the age at 
which mortality increased was shown to vary among parasite species 
recorded at the same temperature (Karvonen et aI., 2003; Whitfield et 
al., 2003). That could imply that different parasite species employ dif-
ferent traits and may have different responses to temperature. 
In addition, quantitative information on the age-dependence of cer-
cariae survival and infectivity has contributed to an understanding of 
the infection dynamics of C. armatus to second intermediate fish hosts 
in the natural environment. If the pattern of infectivity described in this 
study reflects what occurs in the field, there is a midday peak in the 
diurnal emergence rhythm of cercariae, and larval infectivity will be 
maintained at a maximum level for the remainder of daylight. Because 
these fish hosts are active diurnally, this temporal patterning of maximal 
cercariae infectivity could be considered an important component of an 
"optimal transmission strategy." 
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Results also indicate a relatively slow period of parasite recruitment 
by the fish host at a time close to cercariae emergence from the inter-
mediate snail host. As glycogen reserves must be at their highest level 
at that time, those initial, lower levels of infection rate seem somewhat 
paradoxical. However, cercariae might improve their overall transmis-
sion efficiency by having a below-optimal infectivity for a short period, 
thus facilitating their spatial dispersion. Whitfield et al. (2003) examined 
the infectivity of Schistosoma mansoni cercariae toward differentiated 
keratinocytes and also found an early period of low infection rate. A 
delay in attaining maximum infection may signify an adaptive mecha-
nism, allowing time for cercariae dissemination and, thus, reducing su-
per-infection and subsequent parasite-associated mortality of the fish 
hosts. On reaching maximum recruitment at 1 hr, there was a plateau 
period of maximum infection (87%) until 5 hr of age; there was no 
subsequent increase in cercariae transmission to the fish host thereafter. 
Finally, data showed that transmission of C. armatus cercariae to fish 
increased with both density and total population size. However, when 
transmission rate was considered, it remained constant with density, but 
decreased with total number of cercariae. Based on the abovementioned 
hypotheses, the transmission pattern of this particular host-parasite sys-
tem is frequency-dependent. It may also indicate that C. armatus cer-
cariae have a passive nature in locating its host. This is an important 
contribution of this study, particularly as most work, so far, has been 
done with microparasite systems. In addition to this paper, a study by 
Karvonen et al. (2003) also examined the transmission pattern of Di-
plostomum spathaceum cercariae to secondary fish host, but at varying 
scales. They also revealed that the transmission pattern was frequency-
dependent. However, fish in the natural environment are exposed in 
larger volumes of water and the transmission pattern could be density-
dependent at a higher scale. Further experiments using a greater vari-
ation in scale and host density are necessary to demonstrate this phe-
nomenon. 
We are thankful to J. B. Pornel for assistance in statistical analysis. 
LITERATURE CITED 
ANDERSON R. M., AND P. J. WHITFIELD. 1975. Survival characteristics of 
the free-living cercarial population of the ectoparasitic digenean 
Transversotrema patialensis (Soparker, 1924). Parasitology 70: 
295-310. 
KARVONEN, A., S. PAUKKU, E. T. VALTONEN, AND P. J. HUDSON. 2003. 
Transmission, infectivity and survival of Diplostomum spathaceum 
cercariae. Parasitology 127: 217-224. 
KIMURA, D., AND S. UGA. 2003. Epidemiological studies on Centroces-
tus spp (Trematoda: Heterophyidae) in Chikusa river basin, Hyogo 
Prefecture Japan: Infection in first intermediate host snail, Semi-
sulcospira libertina. Japan Journal of Environmental Entomology 
and Zoology 14: 97-103. 
---. AND ---. 2005. Epidemiological study on Centrocestus ar-
matus metacercariae in Chikusa River, Hyogo Prefecture, Japan. 
Tropical Medicine and Health 33: 7-11. 
LAWSON, J. R., AND R. A. WILSON. 1980. The survival of the cercariae 
of Schistosoma mansoni in relation to water temperature and gly-
cogen utilization. Parasitology 81: 337-348. 
---, AND ---. 1983. The relationship between the age of Schis-
tosoma mansoni cercariae and their ability to penetrate and infect 
the mammalian host. Parasitology 87: 481-492. 
RESEARCH NOTES 439 
MCCALLUM, H., N. BARLOW, AND J. HONE. 2001. How should pathogen 
transmission be modelled? Trends in Ecology and Evolution 16: 
295-300. 
WHITFIELD, P. J., A. BARTLETT, M. KHAMNO, AND R. H. CLOTHIER. 2003. 
Age-dependent survival and infectivity of Schistosoma mansoni 
cercariae. Parasitology 127: 29-35. 
WHYTE, S. K., C. J. SECOMBES, AND L. H. CHAPPELL. 1991. Studies on 
the infectivity of Diplostomum spathaceum in rainbow trout (On-
corhynchus mykiss). Journal of Helminthology 65: 169-178. 
J. Parasitol.. 93(2). 2007. pp. 439-440 
© American Society of Parasitologists 2007 
Giardia sp. and Cryptosporidium sp. Infections in Primates in Fragmented and 
Undisturbed Forest in Western Uganda 
Johanna S. Salzer, Innocent B. Rwego*, Tony L. Goldberg, Mark S. Kuhlenschmidt, and Thomas R. Gillespiet:j:, Department of 
Pathobiology, College of Veterinary Medicine, University of Illinois, Urbana, Illinois 61802; *Department of Zoology, Makerere University, 
Uganda; tDepartment of Anthropology, University of Illinois, Urbana, Illinois 61801; :j:To whom correspondence should be addressed. 
e-mail: trg@uiuG.edu 
ABSTRACT: In June 2005, we collected 115 fecal samples from wild 
primates in western Uganda and examined them for Cryptosporidium 
sp. and Giardia sp. with the use of immunofluorescent antibody (IFA) 
detection. We sampled primates from an undisturbed forest in Kibale 
National Park and from 3 highly disturbed forest fragments outside the 
park. Of disturbed forest samples, red colobus (Pilocolobus tephrosce-
les) and red-tailed guenons (Cercopithecus ascanius) harbored species 
of Cryptosporidium or Giardia, but black-and-white colobus (Colobus 
guereza) did not. All primate samples from undisturbed forest were 
negative for both parasites. Seven of 35 (20%) red colobus and 1 of 20 
red-tailed guenons (5%) from forest fragments were infected with either 
Cryptosporidium sp. or Giardia sp. The presence of Cryptosporidium 
and Giardia species in primates living in forest fragments, but not in 
primates in undisturbed forest, suggests that habitat disturbance may 
playa role in transmission or persistence of these pathogens. 
Species of Cryptosporidium and Giardia have been found in wild 
apes, and their presence has been argued to indicate enhanced contact 
with humans and/or domestic livestock (Nizeyi et aI., 1999,2002). Few 
studies, however, have examined other species of wild nonhuman pri-
mates for these pathogens. 
We examined Cryptosporidium sp. and Giardia sp. prevalence -and 
intensity in 3 nonhuman primate species (red colobus, Pilocolobus te-
phrosceles; black-and-white colobus, Colobus guereza; and red-tailed 
guenons, Cercopithecus ascanius) living in undisturbed forest in Kibale 
National Park, Uganda, and from 3 highly disturbed forest fragments 
outside the park. The fragments range in size from 1.2 to 8.7 ha and 
occur in areas largely unsuitable for agriculture, i.e., swampy valley 
bottoms and steep rims of lake craters (Gillespie and Chapman, 2006). 
These fragments are used by local villagerl), to varying degrees and are 
surrounded by tea plantations and small-scale agriculture, including pas-
ture for domestic livestock (Gillespie and Chapman, 2006). 
Fecal samples were collected from habituated and semihabituated 
adult and subadult male and female primates and preserved in 10% 
neutral buffered formalin (Gillespie, 2006). A Merifluor® Cryptosporid-
ium/Giardia Direct Immunofluorescent Detection Kit (Meridian Biosci-
ence, Inc, Cincinnati, Ohio) was used to detect both parasites (Johnston 
et aI., 2003). Fecal samples were scored both for presence or absence 
of the pathogens as well as quantification of oocysts and cysts in feces. 
Counts were calculated by analyzing 10 I.d of a 10-ml solution of 0.1 
g of feces from each sample. Oocysts or cysts were then quantified by 
counting total numbers in 150 microscope fields (X400 magnification) 
and extrapolating results to the entire sample. This method was vali-
dated by spiking negative fecal samples with known numbers of Cryp-
tosporidium sp. oocysts. 
Results were analyzed statistically with the use of the computer pro-
gram Epilnfo, Version 3.3.2 (Centers for Disease Control, Atlanta, 
Georgia). Trends were considered statistically significant at an IT = 0.05 
level. 
In total, 115 nonhuman primate samples were collected and analyzed. 
The overall prevalences of Cryptosporidium and Giardia spp. in non-
human primates within forest fragments (n = 80) were 6.3 and 3.8%, 
respectively. None of the primates within the undisturbed forest (n = 
35) was positive for Giardia or Cryptosporidium spp. infections. No 
animals were found to be simultaneously infected with both parasites. 
Prevalence and mean intensities of infection for both parasites are 
presented in Table 1. Red colobus (Pilocolobus tephrosceles) and red-
tailed guenons (Cercopithecus ascanius) harbored Cryptosporidium sp. 
or Giardia sp., but black-and-white colobus (Colobus guereza) did not. 
All nonhuman primate samples from the undisturbed forest were neg-
ative for both protozoan parasites. Seven of 35 (20%) red colobus and 
1 of 20 red-tailed guenons (5%) sampled from forest fragments were 
infected with either Cryptosporidium sp. or Giardia sp. For the primates 
sampled, Cryptosporidium sp. was present only in the red colobus in-
habiting the forest fragments (prevalence of 14.3%; Table I). Red co-
lobus inhabiting forest fragments were at a significantly higher risk of 
infection than were red-tailed guenons and black-and-white colobus 
within the same fragments (Fisher's exact test; P = 0.014). Prevalence 
of Giardia sp. was universally low among species, and no significant 
differences in Giardia sp. prevalence among species were noted (Table I). 
Location of sampling was significantly related to the prevalence of 
infection with both parasites in nonhuman primates. No primates sam-
pled from the undisturbed forest harbored species of Cryptosporidium 
or Giardia, whereas prevalence of Cryptosporidium and Giardia spp. 
among primate species within the forest fragments ranged from 0 to 
14.2% (Table I). This difference was marginally statistically significant 
(Fisher's exact test; P= 0.049). 
The results of this study suggest that wild nonhuman primates living 
in disturbed habitats are at greater risk for infection of Cryptosporidium 
and Giardia spp. than are primates living in undisturbed habitats. These 
results further support previous findings that primates in the Kibale 
region living in disturbed habitats are at higher risk of infection with 
directly transmitted gastrointestinal parasites than are primates living in 
less disturbed habitats (Gillespie et aI., 2005; Gillespie and Chapman, 
2006). 
This research was supported by the University of Illinois Conserva-
tion Medicine Summer Fellowship Program and the Morris Animal 
Foundation under Award D04Z0-67. We thank the Uganda Wildlife 
Authority and the Uganda National Council for Science and Technology 
for allowing us to conduct this research. Elizabeth Estoff, Patrick Ka-
turamu, and John Rusoke provided invaluable assistance in the field. 
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TABLE I. Prevalence and intensity of Cryptosporidium and Giardia spp. in wild primates sampled from 3 forest fragments near Kibale National 
Park, Uganda. * 
Cryptosporidium Giardia 
Species 
Red colobus 
Black-and-white colobus 
Red-tailed guenon 
No. sampled 
35 
25 
20 
Prevalence (%) 
14.3 
o 
o 
Mean intensityt 
13.9 ± 9.1 
Prevalence (%) 
5.7 
o 
5.0 
Mean intensityt 
3.3 ± 2.6 
3.5 ± 0.0 
* Differences in prevalence among the 3 forest fragments were not statistically significant for either parasite or for any host species, so results from all fragments were 
collapsed for analysis. 
t Mean intensities are expressed as 10" oocysts (Cryptosporidium) or cysts (Giardia) per gram, :!: standard error of the mean; negative samples are not included in 
this calculation. 
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ABSTRACT: Fifteen cases of human pseudoterranovosis are reported for 
Chile, representing an emerging parasitic infection in this country 
caused by larvae of the nematode Pseudoterranova sp. Our observations 
also included an outbreak of pseudoterranovosis in 3 of 4 individuals 
who shared the same raw fish dish (cebiche). Most of the cases occurred 
in adult patients. The main source of infection was from consumption 
raw or fried marine fish, including hakes (Merluccius australis or Mer-
luccius gayi), pomfret (Brama australis), Inca scad (Trachurus mur-
phyi), and corvina (Cilus gilberti). Seasonal distribution showed most 
of the cases to occur in fall and spring. Parasite larvae were isolated 
from the mouths of most of the patients after they reported a pharyngeal 
tickling sensation, coughing, vomiting, or-If foreign body in the mouth 
or throat. 
Human anisakidosis produced by anisakid nematodes is most fre-
quently caused by larvae of Anisakis (anisakiosis) and Pseudoterranova 
(pseudoterranovosis) (Takahashi et aI., 1998; Audicana et aI., 2003). A 
few cases have been attributed to Contracaecum osculatum (Takahashi 
et aI., 1998) and a single case to an immature adult of Hysterothylacium 
aduncum (Yagi et aI., 1996). 
About 97% of the recorded cases of human anisakidosis have oc-
curred in Japan, with the remaining percentages distributed among 26 
countries (Takahashi et aI., 1998). In the Western Hemisphere, anisak-
idosis has been reported in Canada, the United States., Mexico, Brazil, 
Chile (Takahashi et aI., 1998), and Peru (Cabrera et aI., 2003). Gener-
ally, anisakiosis is more common than human pseudoterranovosis in 
Japan and Europe (Takahashi et aI., 1998; Audicana et aI., 2003), al-
though in North America, the greatest prevalence occurs with larvae of 
Pseudoterranova spp: (Amin et al., 2000). In Chile, most of the cases 
reported also were due to pseudoterranovosis, representing 10 of 13 
cases of anisakid worms (Sapunar et al., 1976; Apt et al., 1980; Mercado 
et aI., 1997, 2001; Verhamme and Ramboer, 1988; Canese, 1995; Tor-
res, Canales et aI., 2000). Two of the anisakid cases acquired in Chile 
after consumption of raw (cebiche) or smoked fish were diagnosed in 
Belgium and Paraguay, respectively; the first patient presented symp-
toms while traveling from Chile to his country of origin, and the second 
patient while temporarily occupied professionally in Paraguay (Verham-
me and Ramboer, 1988; Canese, 1995). 
The definitive hosts of Anisakis and Pseudoterranova species are ma-
rine mammals. McClelland (2002) reviewed the life cycle of Pseudo-
terranova decipiens, the eggs of which are released with the feces of 
the definitive host (seals). The larvae develop to the third stage (L3), 
and they are then consumed by benthic and epibenthic copepods. They 
also may be also transmitted to invertebrates such ·as mature amphipods, 
decapods, isopods, nudibranchs, cumaceans, mysids, and polychaetes. 
Bottom fishes are infected when they consume infected crustaceans; 
larvae are then localized in the musculature. Seals become infected 
through consumption of crustaceans or fishes with L3s. 
The source of human pseudoterranovosis is the consumption of crus-
taceans or raw fish (as cebiche, sushi, or sashimi), smoked fish, pickled 
fish, salad, or other poorly cooked fish dishes containing L3s. The L3s 
are capable of penetrating the stomach or intestinal wall (Ishikura et al., 
1993), and they can migrate from the stomach to the esophagus or 
pharynx, provoking the tingling throat syndrome, which leads to ex-
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TABLE I. Data from 15 cases of infection by Pseudoterranova L4s in Chile. 
Place of 
occurrence of Suspected source No. of 
Patient Yr/Season Age/Sex* infection of infection (fish) larvae Symptoms 
2001/Spring 40IM Santiago Cebiche (pomfred) Sensation of a foreign body between the teeth 
2 2002/ Autumn 541F Santiago Cebiche (not known) Elimination of larva, after general anesthesia, 
tickling in pharynx and cough 
3 2002/ Autumn 191F Santiago Cebiche (hake) Elimination of the larva through mouth 
4 2002/ Autumn 431F Santiago Fried fish (not 2 Pharyngeal tickling associated with elimination 
known) of each larva 
5 2002IWinter 50IM Santiago Cebiche (hake) Cough, pharyngeal tickling 
6 2oo2/Spring 331F Santiago Cebiche (hake) Passive elimination through the mouth 
7 2oo3/Summer 151M Santiago Cebiche (Inca scad) Elimination of the larva from the mouth after 
heavy coughing 
8 2003/ Autumn 261F Santiago Fried fish (hake) Gastritis, elimination of the larva with vomit 
9 2003/ Autumn 471F Santiago Fried fish (pomfred) Sensation of asphyxia, cough and secretions 
upon awakening after eliminating the larva 
10 2003/Spring 6IM Santiago Cebiche (hake) Pharyngeal tickling and elimination of the larva 
through mouth 
11 2004/Spring 241F Cartagena Cebiche (hake) Heavy coughing and elimination of the larva 
through the mouth 
12 2004/Spring AdultIM Cartagena Cebiche (hake) Elimination of the larva through the mouth 
13 2004/Spring AdultIF Cartagena Cebiche (hake) 2 Elimination of the larva through the mouth 
14 2005/Spring 11F Santiago No data 1 Intense diarrhea, loss of appetite, elimination of 
larva through anus 
15 2005/Spring AdultIM Osorno Cebiche (corvina) Sensation of a foreign body, pharyngeal tickling 
* M = male; F = female. 
pulsion by coughing up (Audicana et aI., 2003). In general, invasive 
capacity in larvae of Pseudoterranova sp. is extremely rare when con-
trasted with that of Anisakis sp. larvae (Amin et al., 2000). Pseudoter-
ranova decipiens are capable of molting to the fourth stage (L4) within 
the human digestive tract (Ishii et aI., 1989). 
The objective of the present study was to analyze 15 cases of human 
pseudoterranovosis in Chile in relation to age and sex of the patients 
and their symptoms, as well as sources of the infections and their sea-
sonality. Sixteen nematode larvae were obtained between 2001 and 
2005 from various clinical laboratories and gastroenterology services in 
Chile. Most of the specimens had been collected from oral cavity of 
the patients. The larvae were fixed in 70% ethanol and cleared in lac-
tophenol for morphological study. The range of each measuremenf in 
millimeters is given first, followed in parentheses by the mean value 
and its standard deviation. Voucher specimens were deposited in the 
U.S. National parasite Collection, Beltsville, Maryland. (USNPC 
98916-98918) and the collection of the Instituto de Parasitologia, Univ-
ersidad Austral de Chile (IPUAT 0271-0282). 
All 16 larvae had 3 lips, 1 dorsal bearing 2 double-papillae, and 2 
subventral, each bearing a single double-papilla. A boring tooth and 
interlabia were absent. An excretory pore wa!f present at the base of the 
subventrallip. The lengths of larvae were 19.5-38.5 (27.7 ± 5.3); max-
imum width 0.4-0.9 (0.8 ± 0.2); nerve ring 0.4-0.7 (0.5 ± 0.08) from 
anterior end. Length of esophagus 1.6-2.4 (2.0 ± 0.3); ventriculus 0.6-
1.2 (0.8 ± 0.2); intestinal caecum 0.7-1.4 (0.9 ± 0.2), tail 0.1-0.2 (0.2 
± 0.03) with or without evident knoblike processes. Ratios included 
body length to esophagus, 1:10.7-16.1; body length to intestinal cae-
cum, 1:21.1-37.2; body length to ventriculus, 1:22.7-45.6; ventriculus 
to intestinal caecum, 1:0.6-1.3; and body length to tail, 1:117-205. All 
the worms were identified as L4 of Pseudoterranova sp. 
Most of the cases represented adult patients of both sexes (Table I), 
with the exception of 1 case registered in the city of Osorno (400 28'S, 
700 38'W) in southern Chile; the remaining cases were treated in San-
tiago (33°28'S, 700 38'W). Three patients had acquired the infection 
while visiting coastal area of Cartagena (33°32'S, 71°36'W) (Table I). 
Two patients eliminated 2 larvae. Eleven of the patients had consumed 
cebiche, whereas 3 patients affirmed to have consumed only fried fish 
and heavy cough pre-elimination of the larva 
in the 10 days before eliminating larvae. Twelve patients identified the 
fish consumed as pomfret (Brama australis), hake (Merluccius australis 
or Merluccius gayi), Inca scad (Trachurus murphyi), or corvina (Cilus 
gilberti) (Table I). In most of the cases in the present study, the larvae 
were expelled from the mouth of the patient. Two patients noted the 
larvae while brushing their teeth, or felt a foreign body between the 
teeth. In a single case, a larva issued from the anus of the patient. 
Seasonal distribution showed most of the cases to occur in either fall 
or spring. Three of the patients (11-13) from 2 married couples had 
shared the same cebiche in a restaurant. 
No association between sex and human pseudoterranovosis has pre-
viously been noted for cases in Canada, the United States., or Japan, 
and most cases occurred in adults (Margolis, 1977; Ishikura et al., 
1996). Previous published reports of Pseudoterranova spp. acquired in 
Chile were correlated with the consumption of raw (cebiche and sushi), 
smoked, or fried fish such as hake, Inca scad, conger-eel, and salmon 
(Verhamme and Ramboer, 1988; Canese, 1995; Mercado et aI., 1997, 
2001). Association of cases of pseudoterranovosis with the consumption 
of fried fish indicates that this method of cooking does not always imply 
efficient cooking of the fish. Elimination of nematodes from the mouth 
in most cases was closely correlated with results of previously reported 
cases in Chile (Sapuna'r et aI., 1976; Mercado et al., 1997, 2001) and 
in North America (Margolis, 1977; Deardorff and Overstreet, 1990; 
Amin et al., 2000). 
The seasonal occurrence of cases in the present study can be attri-
buted to a greater consumption of host fishes or to a higher prevalence 
of infection of the fishes in spring and fall. Anisakiosis has been ob-
served seasonally in herring in the Baltic Sea (Lang et al., 1990). In 
Japan, infection of humans with Pseudoterranova spp. seems to occur 
mainly in the winter on the Island of Hokkaido, at a time when host 
fishes are caught, and probably have acquired the infection due to mi-
grations of the definitive host Callorhinus ursinus (Takahashi et al., 
1998). Hauksson (2002) associated the decrease of pseudoterranovosis 
in the fish Myoxocephalus scorpius scorpius in Iceland to the decrease 
of definitive hosts Halichoerus grypus and Phoca vitulina. Global cli-
matic change may influence the distribution of anisakid larvae in their 
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hosts, which also could affect human infection (Ishikura et al., 1996; 
Takahashi et aI., 1998; Marcogliese, 2001). 
Based on our results and previous data (Sapunar et al., 1976; Apt et 
aI., 1980; Verhamme and Ramboer, 1988; Canese, 1995; Mercado et 
aI., 1997, 2001; Torres, Canales et aI., 2000), most of the 28 cases of 
anisakid worms recorded to date in Chile have been caused by Pseu-
doterranova sp. (89.3%) compared with 10.7% of cases by Anisakis sp. 
Three of the cases were diagnosed between 1976 and 1990, whereas 
the remainder (89.3%) were diagnosed over the past 15 yr. Of the 25 
cases of pseudoterranovosis published in Chile, only 2 cases reported 
penetration of the stomach wall by larvae (Apt et al., 1980; Mercado 
et aI., 1997). This finding suggested a similar behavior of parasites of 
human pseudoterranovosis in Chile and the United States, in the latter 
of which most recorded cases indicated larvae were eliminated from 
the mouth (Amin et al., 2000; Mercado et aI., 2001). There have been 
reports, however, of invasive pseudoterranovosis in the United States, 
for example, in the abdominal cavity of a man (Little and MacPhail, 
1972), and, in another case, an L3 of P. decipiens emerged from an 
ulcer on the neck of an adult, which had effected a transesophageal 
penetration (Amin et aI., 2000). It is probable that the occurrence of 
pseudoterranovosis in Chile represents only the tip of the iceberg, as 
suggested for Japan (Takashi et aI., 1998), and it may be the case in 
other countries. 
The increase in the recognition of this emerging infection in Chile 
may be related to 1) a better knowledge of this infection among health 
care professionals; 2) greater popUlarity in consumption of raw fish; 3) 
elimination of fisheries waste from factory ship and artisanal fishing 
boats, which increase the abundance in the infection of marine mam-
mals and fishes that feed on these wastes; and 4) fresh fish in commerce 
may not be well frozen, allowing for the survival of larvae of Anisakis 
and Pseudoterranova spp. in the musculature of fishes commercialized 
in Chile for human consumption (Torres, Moya et aI., 2000). The greater 
recognition of pseudoterranovosis with respect to the anisakiosis in 
Chile could be in relation to the greater frequency and intensity of 
infection by larvae of Pseudoterranova spp. in fish flesh as observed 
in 5 fish species commercialized and the high rate of their consumption 
in the city of Valdivia (Torres, Moya et aI., 2000). 
At present, 8 species of Pseudoterranova have been recognized in 
the world, including P. decipiens, Pseudoterranova krabei, Pseudoter-
ranova bulbosa, Pseudoterranova azarasi, Pseudoterranova decipiens 
E, Pseudoterranova cattani, Pseudoterranova ceticola, and Pseudoter-
ranova kogiae, among which P. cattani has been recorded from 4 
(McClelland, 2002; Zhu et aI., 2002) of the 16 host fish species for 
pseudoterranovosis in Chile (Torres, Moya et al., 2000). The definitive 
host of P. cattani is the sea lion, Otaria byronia (George-Nascimento 
and Urrutia, 2000). L3s and Us of Pseudoterranova sp. also have been 
recorded from the digestive tracts of the cetaceans Phocoena spinipinnis 
and Cephalorhynchus eutropia on the southern Chilean coast (Top-es et 
aI., 1992). It is possible that fishes from the Chilean coast carry more 
than 1 species of Pseudoterranova, which is potentially pathogenic for 
humans, due to the extensive migration of some of the marine mammals 
that are definitive hosts of these parasites. The Weddell seal, Leptoni-
chotes weddelli, for example, is the only known host of P. decipiens E 
described from Antarctica (McClelland, 2002), and it is capable of mi-
grating to the Chilean coast of Patagonia and as far north as the Juan 
Fernandez Islands (Sielfeld, 1983). In adcNion, the dwarf sperm whale, 
Kogia simus, which hosts P. kogiae on the Australian coast (Johnston 
and Mawson, 1939), has been observed on the central Chilean coast 
(Sielfeld, 1983). It has been determined that about 10% of the Anisakis 
spp. larvae isolated from the Patagonian grenadier, Macruronus magel-
lanicus, in Chile were capable of surviving up to 90 hr in aqueous 0.15 
M NaCl at -15 to -18 C (Torres et aI., 1982). Health education of the 
public can contribute to the control of anisakid infection through the 
dissemination of information promoting awareness of the problem and 
application of good sanitary practice in the consumption of fish, such 
as cooking at 65 C for 10 min, or in a microwave oven at 77 C (Adams 
et al., 1999); or freezing at -20 C for 7 days or -35 C for 15 hr in a 
blast freezer, in accordance with the U.S. Food and Drug Administration 
Food Code. Improved recognition of the Pseudoterranova spp. distrib-
uted on the Chilean coast will be obtained through better knowledge of 
the occurrence of anisakid nematodes in marine mammals on this coast. 
Also of importance will be the application of molecular methods in 
studies of larvae isolated from fishes and from human infections oc-
curring in this area. 
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We have printed the first page (of 3 pages) of Figure 4 from Nadler et ai., 2005, volume 91: 1413-1429. Unfortunately, in the original paper, 
the first full page of Figure 4 was missing, whereas the second page of the figure was reproduced twice. 
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FIGURE 4. Alignment of ITS-l positions 1-300 for sequences of Anisakis taxa. One representative of each unique sequence was included for 
comparison. Dots indicate identity with the first sequence and dashes are inferred insertion-deletion events. Positions 301-395 of ITS-l and 
sequences for ITS-2 (positions 396-765) are correct as found in the original paper. 
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